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Moving earth to build a race-track near Los Angeles. In 
two i-yard trailers, the ‘Caterpillar’ Diesel Seventy- 
Five moves 119 yards per hour on an 800-foot haul. _ ft 

; = 


“I'm going to 
‘Caterpillar’ 
Diesels 
altogether’ 


@® @ SAYS C. G. FULLER, CONTRACTOR, 
OF BARNWELL, SOUTH CAROLINA, WHO 
ALREADY HAS THREE “CATERPILLAR” 
DIESELS AND FIGURES THEIR FUEL SAV- 
ING WILL PAY FOR THEM IN LESS THAN 
TWO YEARS. 













’ y . On a road-building and 
creek-diversion job near 
Hata ai dae 
enty-Five pulls a “Cater- 
pillar’ Grader at a fuel 
cost of $1.96 per 10-hour 
shift. 

Every power user is doing a lot 
of figuring these days. Figuring 
gasoline costs—figuring the 
savings from a tractor that 
burns low-price Diesel fuel, and 
less of it—figuring the profit that 
he can earn from investing in 
““Caterpillar’’ Diesel power. 
Many have reached the con- 
clusion that they can’t afford not 
to adopt this modern equipment. 
Today there are nearly 3000 
owners of “Caterpillar” Diesels 

—tractors and engines. Cater- 
Sierra Nevadas, in Cali- pillar Tractor Cece Peoria, 
fornia, this ‘“Caterpillar 
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In the foothills of the 
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Among Our Writers 


E. W. Kramer is Regional Engineer for the Cali- 
fornia Region of the U. S. Forest Service and has 
charge of the engineering phases of the work on 
the National Forests of California. He is also 
the representative of the Federal Power Com- 
mission on all projects located in the National 
Forests in California. He served as a member of 
the California Power Board and represented the 
former Executive Secretary of the Federal 
Power Commission on the Federal-State 
Commission appointed by President Hoover 
and Governor Young to study the State Water 
Plan. 


Avcsert A. MittaG graduated from the Cooper 
Union Institute of Technology in 1925 with the 
degree of B.S. in Civil Engineering and received 
his C.E. from the same institution in 1932. 
Since 1925 he has been in Salvador and Colombia 
on highway location and construction. From 
1930 to 1933 he was engineer, assistant engineer, 
and chief engineer for 2'/: years with the Con- 
structing Quartermaster at Albrook Field, 
Canal Zone. At present he is with the Construct- 
ing Quartermaster at Langley Field, Va. 


Crarence J. Veuz has specialized in sanitary and 
public health engineering. He assisted in mak- 
ing a study of, and report on, the pollution 
of New York Harbor for the New York State 
Board of Health At present Mr. Velz is 
connected with the Federal Emergency Admin- 
istration of Public Works in New Jersey, work- 
ing under the State Engineer. 


E. L. Caanpver, after receiving the degree of B.S. 
in Civil Engineering at Brown University, had 
experience in a variety of municipal work in 
New London and Groton, Conn. From 1915 
to 1918 he was assistant engineer with the Board 
of Water Supply of Providence, R.I. From 
1918 to 1923 he served as assistant division 
engineer with the Miami Conservancy District 
on flood prevention work. Since 1923 he has 
been associated with the Price Brothers Com- 
pany, of Dayton, Ohio, general contractors, 
and has specialized in the construction of hydro- 
electric developments. 


Atrrep Branpy has been engaged on New York 
City rapid transit work in various capacities 
for 27 years, and for the past 8 years has been 
designing engineer with the Board of Transpor- 
tation on the planning of the city-owned Inde- 
pendent Subway System. From 1930 to 1932 
he was the resident representative in Chicago 
for Robert Ridgway on the planning of the pro- 
posed State Street Subway. 


BunkKicHI OKAZAKI received his education at 
Sapporo College in Japan. For 25 years he was 
in the service of the Hokkaidocho Government 
on public works, including the improvement of 
the Ishikari River. More recently his experience 
in river control has been utilized in Manchukuo. 


LaMorre Grover received his B.S. in C.E. at 
Kansas State College in 1924. He has been in 
charge of bridge design for the State Highway 
Commission of Kansas since 1929, when the de- 
sign department was first organized. He started 
to work for the Commission in 1921 as a concrete 
pavement inspector and has been with the or- 
ganization continuously except for two brief 
periods. He has served as draftsman, as de- 
signer, and as resident engineer in charge of 
road, bridge, highway-pavement, and city- 
pavement construction. The Bridge Depart- 
ment of the Kansas Highway Commission has 
designed a number of unusual and interesting 
bridges during the last three years. 


Tuomas J. NOLAND, JR., in 1929 received his B.S. in 
Engineering from the California Institute of Tech- 
nology and in 1931 his M.S. in Civil Engineer- 
ing. He was then appointed a junior engineer in 
the U.S. Reclamation Bureau, and was assigned to 
the Engineering Materials Laboratory of the 
University of California, where he worked for 
two years on the cement and concrete research 
program for Boulder Dam. When this work was 
completed, in the fall of 1933, he was transferred 
to the Denver Office. 
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Dupont Avenue, South, Minneapolis, Minnesota, Tarvia-built in 1921. Thirteen years can make a big difference in shrubs 
and trees, but it hasn’t changed the smooth, easy-riding, skid-safe quality of the Tarvia pavement. 
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Tarvia is made by The Barrett Company, America’s oldest 
and most experienced manufacturer of coal-tar road- 
building materials. It provides a wide choice of suitable 
low-cost surfaces for new construction or for improving 
and widening existing roads. With any sort of Tarvia 
GOOD ROADS pavement—from improved secondary roads to express 
highways—repairs and maintenance are low in cost, be- 
cause they can be made simply and quickly. Ask the 
Tarvia field man. 


AT LOW COST 


THE BARRETT COMPANY New York Chicago Birmingham Philadelphia St. Louis 
Minneapolis Hartford Detroit Cleveland Boston Buffalo Columbus Milwaukee Providence Syracuse Lebanon Toledo Cincinnati 


Raltimore Youngstown Bethlehem Rochester Portland, Me. THE BARRETT COMPANY, LTD... Montreal, Toronto, Winnipeg, Vancouver 
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Engineering Activities of CCC Camps in 


California 
Chief Phases Include Bridge Building, Road Construction, 
and Control of Floods and Erosion 
By E. W. KraMer 


MemsBer AMERICAN Soctety or Crvit ENGINEERS 
Recionat Enorneer, U. S. Forest Service, San Francisco, Catir. 


“WHE 150 camps of the Civilian Conservation Corps 

established in California during the first winter 
have accomplished a tremendous amount -d useful 
work in the forests and adjacent areas. The Corps 
has passed through the second six months’ period of 
its existence. In addition to the construction of 
many miles of truck trails and telephone lines and 
pest control work and forest thinning on thousands 
of acres, the 30,000 men enrolled in these camps are 
active on numerous projects of a purely engineering 
character. They have built 18 excellent highway 
bridges, have made relief maps of the National For- 


RIMARILY the object of the Civilian Conserva- 
P tion Corps program is to relieve unemployment, 

particularly among boys just finishing school, to 
get them off the streets, and prevent them from adopt- 
ing shiftless ways at a very important time in their 
lives. It is obvious that a program of this kind will be 
of great benefit throughout the country—to the boys 
themselves, to the forests, and to the locality in which 
the camps are located. 


THE FORESTERS’ PROBLEM 


In order to understand the great benefit that a large 
labor resource of this character can be to the forests, 


‘ 





CCC Camp No. 1624, SAN Jacinto, CALIF. 


some of the foresters’ problems will be described briefly. 
The area of the National Forests in the United States is 
162 million acres, of which 24 million acres are in Calli- 
lornia. The principal problems in connection with this 
area, other than those concerned with the marketing of 
lorest products, are fire prevention, protection from in- 
sect pests and vegetable diseases, control of floods and 
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ests in_the state, constructed along the banks of vagrant 
rivers miles of sand levees protected by brush-filled 
wire fences, and covered many acres with the neces- 
sary ditches and control works to spread the flood 
waters of flashy southern streams over adjacent gravel 
beds in order to return to ground water flows that 
otherwise would waste to the ocean. Also, six small 
dams have been built to create reservoirs for the collec- 
tion of silt and for the measurement of run-off. 
These CCC camps continue to serve two useful 
purposes—the rehabilitation of the Nation’s young 
men and the improvement of the forest areas. 


erosion, opening up of the area for public use, and de- 
velopment of recreational sites. The problems in the 
National Parks, state forests, and certain localities near 
the National Forests are to a certain extent similar. 

To solve these problems, there have been established 
in the whole United States 1,500 CCC camps containing 
a total of 300,000 men and costing approximately 250 


TABLE I. Work ACCOMPLISHED By CCC Camps 
IN Frrst Srx MontTHSs 


In THe Untrep STATES 

1,700,000 acres on which tree and 
plant disease control is completed 

3,500,000 acres on which erosion con 


10,000 miles of truck trails 
5,000 miles of telephone lines 
4,000 miles of fire breaks 


6,600 miles of roadside fire protection trol is completed 

work 205,000 acres on which the stand of 
1,700 lookout towers timber has been thinned 
4,300 bridges constructed 388,000 acres on which erosion has 
68,000 dams constructed for erosion been controlled 

control 21,000 acres of revegetative work 
800,000 areas protected from insect completed 

pests 26,000 acres reforested by planting 


In CALIFORNIA 
212 miles of fire breaks 
976 miles of road protected from fire 


925 miles of truck trails 
593 miles of telephone lines 


In addition, work has been conducted to control blister rust, the pine 
beetle, and other insects; and the construction of drift fences, bridges, levees, 
flood control structures, and dams has been accomplished 


million dollars per year, or $167,000 per year per camp. 
During the winter of 1933-1934, there were 150 of these 
camps in California, employing a total of 30,000 men and 
costing the Government annually about 25 million dol- 
lars. 


nn 











Deck Truss 75 Ft Long Across the North Fork of Trinity River 
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A Through-Truss Span of 75 Ft Over 
Stuart’s Fork of the Trinity River 


Constructing a Bridge Over the Sacramento 
River at Delta, with Main Span of 98 Ft 





Sims Bridge, a 160-Ft Suspension Span, Over the Sacramento 


CALIFORNIA BripGces Erectep spy CCC Boys 


To show roughly the work accomplished in the United 
States and in California during the first six months’ 
period after the camps were established, the statistics 
in Table I are presented 


BRIDGE CONSTRUCTION 


In California the engineering work of the CCC boys 
includes the construction of bridges, relief mapping of 
the forests, flood control projects such as water spread 
ing, the building of six Ambursen-type dams for experi 
mental purposes, and a large amount of work to con 
trol erosion. In this state there are six bridge crews, 
each attached to a CCC camp. Each crew is under a 
construction engineer in charge of from 5 to 7 foremen, 
who are specialists, as follows: one carpenter, one black- 
smith, one steel erector, one rigger, and one concrete 
These men direct the work of from 30 to 50 

Ihe bridges are designed ac 
l5-ton loading specifications, 


technician. 
CCC boys on each bridge. 
cording to Government 


which provide for a string of 15-ton trucks following each 
other at a reasonable interval. 

The largest bridge yet completed is a 300-ft suspension 
span across the Klamath River at Happy Canip. An 
other suspension bridge, with a span of 160 ft, has been 
constructed across the Sacramento at Sims. At Delta, 
also across the Sacramento River, a bridge with a main 
span of 98 ft has been built. Across Stuart’s Fork of 
the Trinity River a bridge has been constructed of 
the through-truss type with a main span of 75 ft. Ot 
the same length is the main span of the deck-truss bridge 
that has been completed across the North Fork of the 
Trinity River. Altogether, some 18 bridges, costing 
from $5,000 to $25,000 each, have been built in Calli 
fornia by the Corps. 

At Castella a garage has been converted into a drafting 
office for a crew of 30 CCC men who are engaged in con 
structing relief maps of the National Forests of Cal 
fornia. The maps are on a scale of | in. to the mile anc 
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a vertical scale four times the horizontal. These maps 
will be of immense value in all administrative work per- 
taining to the forests, particularly in establishing look- 
out points. By placing small electric lights on the vari- 
ous peaks and photographing the relief model with these 
lights burning, the area that can be seen from each look- 
out point is easily and accurately shown. 


BUILDING AND PLANTING LEVEES 


In the past winter there were four flood-control proj- 
ects under way, all in southern California. One con- 
sists of controlling floods on the San Jacinto River and 
its principal tributary, Bautista Creek. From October 
1933 to April 1934 a CCC camp was engaged in this work, 
which consisted of constructing four miles of levee, 6 ft 
high and about 5 ft wide on the crest, by means of a 
|! .yd drag-line excavator. The material of which the 
levee was made is but little better than ordinary sand. 
Between the levee and the stream, and about 10 ft from 
the foot of the levee, there are two rows of woven wire 
fencing about 5 ft apart, attached to posts consisting of 
boiler tubing 16 ft long driven 10 ft into the ground. 
The berm between the fence and the levee is 10 ft wide. 

On the water side of the levee the berm was planted 
with various types of vegetative cover that are adapted 
to desert conditions. The principal plant used is bac- 
charis, which looks very much like willow but is better 
able to withstand drought. Wild tobacco and salt 
brush have also been planted. It is hoped to get the 
levee covered with a fairly heavy stand of desert plants 
and that the presence of the 
baccharis plants and the oc- 
casional cross fences running 
at right angles to the main 
fence will retard the flow 
along the face of the levee 
sufficiently to prevent wash- 
outs. 

Two small pile drivers were 
used on the job to drive the 




















BRIDGE 
CoNSTRUC- 
TION 

(1) Happy Camp 
(2) Big Bar 

3) Stuart's Fork 

4) Delta 

5) Sims 


FLoop CONTROL 
PROJECTS 
A) Bell Canyon Dams 
B) Fern Canyon Dams 
C) San Antonio-Deer Creek (D) Santa Ana  (E) San Jacinto 
RELIEF MAP oF CALIFORNIA, WITH LOCATION OF Some CCC 
ENGINEERING ACTIVITIES 


boiler tubing. The Forest Service rents a drag-line 
machine for $5 an hour, the owner making all repairs 
and furnishing an operator. The Forest Service fur- 
nishes gas and oil and one man who is called a 
swamper.’’ Over a period of six months the cost of 
the drag-line amounts to about $8,000, whereas the cost 
of the camp other than the drag-line is about $90,000. 
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This drag-line moves about 750 yd in an 8-hr run, which 
represents a cost for building the levee, not including 
planting and fencing, of about § cents per cu yd of levee. 


SANTA ANA RIVER SPREADING GROUNDS 


On the flood control project on the Santa Ana River, 
use is being made of the diversion dam, canal, and part 





SAN JacinToO River Levee, BuILT oF SAND, PLANTED To Bac- 
CHARIS, AND PROTECTED BY BRUSH PACKED BETWEEN Two Rows 
oF FENCING 


of the spreading works previously built by the Tri- 
County District, consisting of Orange, Riverside, and 
San Bernardino counties. The main diversion dam on 
the river is about at the point where the river debouches 
on the plain near San Bernardino. 

According to the original plan, delivery of the water 
from the canal to the spreading area was accomplished 
by constructing a series of earth dams at right angles to 
the flow of the river and in the flood plain immediately 
adjacent to the main stream. These dams varied in 
height from 3 ft to 20 ft in some places. The material 
was placed on very steep slopes, and nearly all the 
dams failed because water broke through them in series 
at points where they crossed small gulches. In the new 
project the spreading area lies along the main channel 
of the river, downstream from the original spreading 
area. The feeder canal is some 12 ft wide on the bottom 
and 4ft deep. The lateral canals, located at right angles 
to the feeder canal at intervals of 500 ft, are 8 ft wide on 
the bottom and 2 ft deep, and vary in length, averaging 
about 2,000 ft. At intervals of about 100 ft along the 
laterals, 12-in. pipes were laid through the ditch banks in 
order to distribute the water over the spreading area. 

Work on this project, begun in April 1933, was per 
formed entirely by hand for the first six months. It ab- 
sorbed all the labor of a 200-man camp for this period. 
During this time, 900 ft of main canal and 7,000 ft of 
lateral were constructed. No diversion structures were 
built and no concrete pipes were placed. It was esti- 
mated that the average amount of excavation per man 
per day was about one yard, making the excavation cost 
approximately $2.50 per cu yd. At the beginning of the 
second six months’ period, a 1'/,-yd shovel was rented 
to excavate the main canal and laterals. The rent of 
the shovel was $3.50 per hr, with operator, the owner to 
assume all burden of upkeep and repair. In a period of 
six months, this shovel cost a total of about $6,000, or 
about $30 per day, including gas and oil provided by the 
Government. It moves about 300 yd in an 8-hr shift, 
so that the cost per cubic yard is now about 10 cents in- 
stead of $2.50. In the first three months of the second 
six months’ period, there had been constructed 1,000 
ft of main canal, 17,000 ft of laterals, and a large number 
of concrete diversion structures, one at the intake of 
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BaAuTIsTA WaAsH, SHOWING 
Fence Reapy TO RECEIVE 
Brusa 


each lateral. The placing 
of the 12-in. pipes was also 
well under way at the end 
of this three months’ 
period. 

In the second period the 
men were engaged in build- 
ing the concrete structures, 
trimming the banks, and 
placing the 12-in. concrete 
pipes. They were more 
satisfied with their accom- 
plishment than before the 
shovel was put on the job. With the aid of the shovel, 
at the end of the second six months’ period these men 
had constructed a spreading project on the Santa Ana 
capable of getting the water into the gravel cone at 
the rate of 600 cu ft per sec. 


SPREADING GROUNDS ON DEER AND SAN ANTONIO CREEKS 


There are two other flood control projects under way, 
one on San Antonio Creek and one on Deer Creek. 
These streams flow southwesterly from the Sierra Madre 
Mountains. San Antonio Creek leaves the mountains 
opposite Pomona and Deer Creek, near Ontario. On 
the latter the spreading works consist of a concrete di- 
version structure at a point on the stream where it 
leaves the mountains. Here its cone is very steep, the 
average grade being about 10 per cent. The water is 
diverted into a feeder canal which supplies ditches built 
on contours. Because of the steepness of the country 
and the character of the material, almost all of which is 
large gravel, it was necessary to build a wire-bound rock 
wall for the lower embankment of each ditch. These 
walls are about 3 ft high and 2 ft wide on top. The water 
is run from the main feeder canal into the ditches, whence 
it is turned out at intervals of about 50 ft down the cone. 

Deer Creek has a drainage area of about 3'/» sq miles, 
and the spreading works have a capacity of about 150 cu 
ft per sec. It is possible that maximum floods for short 
periods may be considerably greater than the capacity 
of the spreading works, in which case the water will go 
over the concrete diversion structure and down the 
channel. This will be a rare occurrence. A canal 18 
ft wide and 2 ft deep was dug below the spreading area 
to lead any stray water back into Deer Creek and thus 
protect the citrus groves lower down from any damage 
that might occur from careless operation of the spread- 
ing works. 

The area below the spreading works, which is depend- 
ent on water pumped from the Deer Creek cone, is 
entirely planted with oranges, lemons, and other citrus 
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Boys PLANTING BACCHARIS 





Cross FENCING AND PLANTING 
TO Repuce VELOCITY OF 
CURRENT 


fruits. The Deer Creek 
water that is spread will be 
a valuable addition to the 
supply. The ground- 
water level in the wells in 
this area has been getting 
deeper, as is the case in 
many places elsewhere in 
California. 

It is estimated that the 
construction of these 
spreading works will re- 
quire 12 months. Work 
was begun about November 1, 1933, and should be 
completed well before the first of October 1934. A 
large part of the work consists of constructing the 
dam, which is a concrete weir about 8 ft high and 72 
ft long. On account of the steep slope of the stream 
both above and below the weir, and because large 
boulders are carried downstream in flood periods, it 
was found necessary to line the rollway of the dam 
throughout its length with steel rails. 

Work was started on the San Antonio project in Oc- 
tober 1933, and it is expected that it will be completed 
in September 
1934. This proj- 
ect differs from 
the Deer Creek 
project in that the 
area on which the 
works are located 
is much flatter, 
the grade being 
probably only 
about 2 per cent. 
The diversion dam 
and main canal 
will deliver the 
water into a series 
of ponds, which 
are formed by 
check dams built 
on contours. 
These dams are about 5'/, ft} high and are built of 
rock mattresses bound together with wire. The mat- 
tresses, which are about 2 ft thick, lie one on top of the 
other. Each check dam will back the water to a depth 
of 1 ft on the dam next above. It is estimated that 
water thus ponded will sink at the rate of at least 3 acre- 
ft per day, or 1'/, cu ft per sec per acre. The capacity 
of the spreading works is estimated roughly at 100 cu 
ft per sec. 


Drivino 16-Frt BorLter TUBING 
FoR Fence Posts 
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It is the present policy to confine the activities of the 
CCC to work more directly connected with forestry or 
erosion control problems than are water conservation 
and river rectification projects. 


RESERVOIRS FOR SILT AND RUN-OFF MEASUREMENT 


Recently six reservoirs have been completed in the 
Angeles National Forest, below areas which have been 
set aside for experimental purposes. The initial work 
consisted of constructing six dams of the Ambursen 
type, each about 15 ft high and 30 ft long, capable of 
impounding about 10,000 cu ft of water, the storage 
space to be concrete lined. Immediately above each 
reservoir there is to be installed a concrete water-measur- 
ing device consisting of a Parshall flume and V-notch 
weir. The immediate object of the dams, flumes, and 
weirs is to measure the eroded material and run-off from 
these watersheds, the aim being to determine the effect of 
the vegetative cover on run-off and erosion. 

Three of these dams are on the upper reaches of Bell 
Canyon at an approximate elevation of 2,500 ft and have 
been designated as Bell Canyon dams Nos. 1, 2, and 3. 
Their tributary drainage areas are 80.12, 103.98, and 
65.18 acres, respectively. Bell Canyon is in the water- 
shed of Big Dalton Canyon, one of the canyons draining 
the southern slopes of the San Gabriel Mountains of 
southern California. 

According to present plans, data will be obtained on 
each of the drainage areas in its natural condition for a 
five-year period; then one of the watersheds will be 
burned off and maintained in a barren state; a second 
will be burned off and allowed to go back to its natural 
state; and the third will be maintained with the present 
cover. These three drainage areas are a part of a larger 
experiment which covers observations on larger drainage 





CUCAMONGA SPREADING GROUND ON SAN ANTONIO CREEK, FOR 
RETURNING FLoop FLows To GROUND WATER 


areas in this experimental forest. The other three 
dams to be used in conducting a similar experiment are 
located on Fern Canyon at about elevation 4,500 ft. 

It is expected that the Parshall flumes will accurately 
measure stream flows of from 3 to 50 cu ft per sec. The 
arrangement is such that flows of less than 3 cu ft per 
sec will be measured by a V-notch weir. The silt 
washed down by the streams will be measured in the 
concrete-lined reservoirs. Both the Parshall flumes and 
the V-notch weirs will be supplied with recording gages. 


PONDEROSA WAY, FOR FIRE PROTECTION 


With CCC labor the U.'S. Forest Service is now con- 
structing what is called the Ponderosa Way, a road 
largely for fire protection purposes, which is located along 
tie western slope of the Sierra Nevadas at an average 


clevation of 2,500 ft. It will be about 600 miles long, ex- 
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tending from a point opposite Redding to a point oppo- 
site Bakersfield. In many places the Ponderosa Way 
crosses bridges already constructed, but it will be neces- 
sary to build bridges of considerable size across the 
Middle Fork of the Yuba River, the Bear River, the 
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Contours Painted on Sides 


Middle Fork of the American River, the Mokelumne 
River, and probably some of the other large streams 
draining the western slope of the Sierras. Plans have 
been prepared for these bridges, and their construction 
is now under way. 


ORGANIZATION 


It has been found that, at least at the start, boys from 
agricultural areas, or from non-urban areas, are more 
able and more willing to work than those trom large 
cities. This is true whether the cities are in the East or 
the West. However, the food and exercise connected 
with the work gradually build up the boys to a point 
where they are able to work, and in nearly every case 
they are willing to do so when properly handled. It 
has been found that they are particularly interested 
in work when it appears that they are accomplishing 
something. The Army’s part is to construct the camps, 
enroll and feed the boys, look after their health and rec- 
reation, and maintain discipline. 

The actual work which the men perform is planned, 
supervised, and directed by the U. S. Forest Service, the 
U.S. Park Service, or the State Forester. The Regional 
Forester in California, as the representative of Robert 
Fechner, Director of Emergency Conservation Work, 
passes on the suitability and relative importance of the 
various projects and recommends the location of the 
camps, both in state and National Forests and on flood 
control projects adjacent to the forests. 

At the camp sites the Forest Service organization con- 
sists of a camp superintendent, a number of foremen, and 
in some cases specialists in the line of work being under- 
taken. A large force of technicians has been employed 
to plan and inspect certain classes of work, such as the 
control of beetles and blister rust on pine trees. On 
bridge jobs a construction engineer is in charge, and 
under him are foreman skilled in concrete and steel 
construction. Also, a small percentage of the enrolled 
men are paid from $10 to $15 a month extra as leaders 
and are used as straw bosses and often as foremen. 

In many cases the camp superintendents are civil engi- 
neers of very high grade, who are willing to take these 
jobs because they cannot get better ones during the 
depression. The Forest Service was fortunate in getting 
high-type men for all supervisory positions. 
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HAT is probably the larg- 
W est, and soon to be the 
most complete airport 
south of Texas is slowly assuming 
shape at Albrook Field in the Canal 
Zone. It is evident that its loca- 
tion, only two miles from the Pacific 
mouth of the Panama Canal, is stra- 
tegic even in this day of airplane 
speeds of 200 miles an hour. At 
this point the distance across the 
Isthmus is only about 45 miles as 
the crow flies. The need for the 
field was apparent during the hectic 
days of the World War, but it was 
not until 1925 that Congress 
authorized the necessary funds. 

A careful perusal of an old map 
of the Panama Railroad shows that 
the present site of Albrook Field 
was an estuary of the Rio Grande 
and formed part of the Rio Grande 
Swamps. Into this estuary also 
flowed the Rio Maria Sala and the 


high tides it was a lake, infested with alligators. 
nally the main line of the Panama Railroad crossed this 
swamp, but during the construction of the Canal the 
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Concrete APRON AND HANGAR No. 3 


M ANY problems confronted the Gov- 
ernment in its effort to build an 
adequate flying field in the Canal Zone 
and provide it with the necessary facili- 
ties. The site chosen was Albrook Field, 
two miles from Balboa, where a tempo- 
rary field had been in use during the 
World War. Dredgings from the Canal 
prism, topped with dry fill, were utilized 
to build up the field. Two small rivers 
had to be placed in culverts beneath the 
area, and the Gaillard Highway, which 
originally traversed it, had to be relocated. 
Careful subdrainage was provided so that 
the field may be used within an hour 
after any tropical storm. The up-to-date 
hangars and aprons and the landscaped 
area on the adjacent hilly ground, where 
one- and two-family houses and other 
quarters have been built for the officers 
and enlisted personnel, are also de- 
scribed in this article by Mr. Mittag. 
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re Canal Zone 






railroad was moved to the south, 
to its present location. The old 
railroad bed from Corozal to Ancon 
was then converted into the Gaillard 
Highway, which up to 1932 bisected 
the Albrook Flying Field and reser- 
vation. During the construction of 
the Canal, considerable dirt, both 
dry and hydraulic, was dumped into 
this area and formed the first fill on 
the future field. When the pro- 
spective field was cleared of its 
vegetation the old narrow-gage rails 
and the waste dumps were found. 

The preliminary field, built where 
the center of the new field now is, 
was made by putting a 3 to 4-ft 
layer of dry fill over material placed 
hydraulically. This served its pur- 
pose until 1929, when the first con- 
tract was let for a hydraulic fill 
varying in depth from 2 to 6 ft, 
covering part of the new field. 


The contractor for this work, The Panama Canal, ob- 
tained the fill from the Canal prism and pumped it to the 
Dredging operations presented no particular diffi- 
culties other than that of providing for the return flow. 


The field was divided 
into sections sur- 
rounded by dikes, with 
weirs constructed in 
numerous locations. 
The difficulty with 
the return flow was 
that much of the silt 
pumped to the sec 
tions remained in 
suspension and was 
carried back into the 
Canal, thus necessi- 
tating additional 
dredging to clear the 
Canal. The amount 
of dredged material 
totaled about a mil 
lion cubic yards. 

On completion of 
the hydraulic fill, 
contract for 500,000 
cu yd of dry fill was 
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let to build up the areas to the east and west of the 
hydraulic fill. It was the original intent of the plan to 
cover the whole flying field with one foot of dry fill, but 
on the advice of Professor Terzaghi, that the hydraulic 
fill would meet all requirements, this plan was aban- 
doned. However, it 
was decided to place 
the dry fillin the area 
to the west to provide 
solid foundations for 
the warming-up a- 
prons, roads, hangars, 
and shops, and in that 
to the east to provide 
a runway for bombers. 
This contract, begun 
in the early part of 
1930, was completed 
a year later. 

Through the south- 
ern part of Albrook 
Field flows the Rio 
Curundu, which 
drains a large area 
and carries consider- 
able sewage from Pan- 
ama City and Ancon. 
This stream had been 
previously put in a 
culvert from the old 
Gaillard Highway to 
the east boundary of 
Albrook Field, but 
through the field it 
flowed in an open 
ditch, a distinct flying 
hazard. It was of 
major importance that 
the culvert be continued through the field. The ex- 
isting culvert was extended in a double box 500 ft long 
and then continued in an arch section 90 sq ft in 
area and 1,900 ft long. 

As shown in the vertical airplane photograph, Albrook 
Field may be considered to consist of three parts: The 
area lying north of the old Gaillard Highway, or the 
North Field, crowned at elevation 19.0; the area immedi- 
ately south of this highway and extending to the Curundu 
Culvert, or the Center Field, crowned at elevation 22.0; 
and the area from the culvert to the southern boundary, 
known as the South Field, also crowned at elevation 
19.0. Owing to the presence of a high tension line, which 
parallels the Panama Railroad to Balboa, the South 
Field cannot be used as a landing field, except for emer- 
gencies, so that the usable field extends only from the 
Curundu Culvert north. 

In June of 1930 a contract was let for the filling in of 
the area north of the old Gaillard Highway and for sub- 
surface drains under the entire field. Working from the 
crowns, the fields were sloped one-half of 1 per cent to the 
sides. The first drains were laid out 200 ft from the 
crown in the form of a square and the rest in successive 
squares at 200-ft intervals. At the corners or intersec- 
tions were placed junction boxes to collect the water 
from the halves of the two sides of every square, and 
these in turn were connected to the junction boxes on the 
successive 200-ft drains by laterals, and so carried into a 
main. Various drains on the outskirts of the field were 
carried directly into open ditches, which were dug 
around 75 per cent of the field. These drain into the 
Maria Sala, Curundu, and Quebrada Plata rivers. 
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The drains consist of double-strength vitrified clay 
pipe ranging in diameter from 4 to 15 in., laid with open 
joits. These were placed in ditches excavated to a 
minimum of 2 ft and a maximum of 3 ft below the surface, 
and made 24 in. wide for the 4 to 10-in. pipe and 30 in. 
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ALBROOK FIELD, A RECLAIMED SWAMP 
Highways Relocated, Water Courses Routed Underground, and Drainage System Installed 


wide for the 12 and 15-in. pipe. Crushed rock varying 
from | to 3 in. in size was placed in the trench around the 
pipe to within 6 in. of the surface. The remaining 6 in. 
was filled in with smaller stone ranging from '/, to '/, 
in. In view of the heavy rainfall often experienced, the 
highest record being 3.72 in. in one hour, the drains were 
designed not to carry off the rain as it fell, but to assure 
a fairly dry field one hour after the end of the downpour. 
The success of this method was in evidence in 1932, when 
planes were able to land and take off within an hour 
after the worst rain. 

In four out of seven of the drains and junction boxes 
opened after two years of service, no silt was found in 
either pipe or box. One 6-in. drain was one-third full of 
silt fairly well packed, but the other two, both &-in. 
drains, had about | in. of loose silt in the bottom. The 
rock fill over the pipes was in excellent condition and 
showed that little or no silt had entered through the 
joints to clog up the system. An idea of the quantity of 
drain pipe used may be had from the following figures: 


DIAMETER LeNGTH 
4 in 22,000 lin ft 
6 in 27,700 lin ft 


8 in 22.900 lin ft 
10° in. 3,450 lin ft 
12 in 1,350 lin ft 
15 in 2,600 lin ft 


Ta. «+ 2 ee» 80,000 lin ft, or over 15 miles 


After three years the hydraulic fill showed an almost 
uniform settlement of about 0.6 ft over the entire area, 
whereas the dry fill showed no perceptible settlement. 

To take care of the drainage of the future flying line, 
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Officers’ Houses 
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A Barrack for 200 Men 


TYPES OF PERMANENT QUARTERS BUILT 


a grated box culvert 18 in. wide, varying in depth from 
1S to 36 in. and having a length of 2,500 ft, was extended 
the full length of the proposed five hangars. 


TWO BRIDGES BUILT TO RELOCATE 
GAILLARD HIGHWAY 


To complete the field and make it a unit required the 
elimination of the Gaillard Highway, which carries con- 
siderable traffic. The question was whether to route it 
through Balboa or Ancon. The latter routing having 
been decided on, the road was relocated around the 
field on the right of way of the Panama Railroad. The 
highway is of reinforced concrete 18 ft wide, widened and 
super-elevated on curves for a speed of 25 miles an hour. 
The thickness of the concrete is 7 in. at the crown, in- 
creased to 9 in. at the sides. Transverse joints are spaced 
at intervals of 61 ft 6 in., and a dummy joint is carried 
down the center. Shoulders were made 5 ft wide, and 
compaction was accomplished by loading a 5-ton dump 
truck with rock and using a rear wheel as a roller. 

To cross the Rio Maria Sala and the Rio Curundu two 
reinforced concrete bridges with spans of 10 and 12 ft, 
respectively, were built. Their width was made suf- 
ficient (23 ft) to allow for the widening of the highway. 
Piles for the Rio Curundu bridge were driven to refusal 
at elevation —16.0, and those for the Rio Maria Sala 
bridge, to elevation —40.0. 

Considerable difficulty was experienced in filling in the 
stretch of road between the two bridges, which was in 
soft ground. The original cross sections called for 5,000 
cu yd, more or less, of fill, but actually some 25,000 cu 
yd were used. Since the stretch still showed settlement 
when the question of pavement was being considered, it 
was decided to macadamize it until settlement had 
stopped. One year later, after considerable additional 
dirt had been thrown in by the Canal authorities, this 
strip was concreted and to date has shown little settle- 


ment. The total length of the relocated road is 2'/; 


Quarters 
oo > 


24 ft Road and 
Storm Drain 


Telephone Duct 


miles; that is, it is 900 ft longer than the old route. 
The quarters of the officers and enlisted personnel are 
in the hills to the northwest of the flying field. Barracks 





to house a total of 620 men have been built facing the 
old Gaillard Highway. They constitute four buildings, 
grouped in the shape of a crescent and placed from 75 
to 125 ft from the road. Space has been left in the line 
for one additional 110-man barrack, to be built when ad- 
ditional funds are available. 

The quarters area was divided into two parts, for the 
non-commissioned and commissioned officers. For the 
sake of economy and to obtain the greatest number of 
quarters for the money available, excavation was kept 
at a minimum. This called for street grades up to 8 
per cent and some rather bad horizontal curves, but since 
the post has been landscaped and cleaned up the curves 
seem justified. The post roads are 24 ft wide with a 2-in. 
crown. In thickness they vary from 6 in. at the crown 
to 8 in. at the sides. On both sides there are sidewalks 
4 ft wide and 6 ft from the curbs. 


SANITARY AND STORM SEWERS PROVIDED 


Storm sewers large enough to take care of the heaviest 
showers are located in the middle of the streets. Sani- 
tary sewers are carried back of the quarters and run 
into mains, where they connect with the barracks and 
then empty into the Rio Maria Sala. In Fig. 1 is shown 
the location of the utilities. The tide backs up in the 
Rio Maria Sala as far as the barracks, so that fecal mat- 
ter is deposited on the banks at low tide with the resulting 
objectionable odors. Therefore in the very near future 
the Sala will have to be enclosed in a culvert connecting 
with the Rio Curundu culvert and thence with the cul- 
vert under the Panama Railroad, which flows into the 
Canal itself. Electricity for light and power is carried 
in a duct system leading from the trans-Isthmian duct 
line of the Panama Canal adjacent to the field. The dis- 
tribution panels at present are housed in a temporary 
shanty but will be placed permanently in the Guard 
House on its completion. 

During the first few months of operation of the post 

it was shown that surface drains 

oe were to be considered not a 
T luxury but an urgent necessity 
if any of the landscaping was 

to be retained. Precast drains 
of a type developed and suc- 
cessfully used by The Panama 
Canal were installed. They 
consist of half cylinders of con- 


; Sanitary Sewer 





9 
, 27 rae w 1s crete 3 ft long and 13 in. in di- 
Fic. 1. Secrion THrovuGcu A Post Street, SHOWING UTILITIES ameter, laid on the surface 
around all buildings to catch 
roof run-off and drip, and at the foot of slopes and in the 
bottom of ditches to prevent excessive erosion. Drains 
were carried into open ditches, streets, and catch basins. 














Cutting a Ditch in Hydraulic Fill 
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A Typical Junction Box 


PERMANENT DRAINS INSTALLED 


Service roads of water-bound macadam, 10 ft wide and 
8 in. thick, conforming to the best practice in the United 
States, were constructed in the rear of the quarters of 
non-commissioned and commissioned officers. These 
roads serve the dual purpose of garage entrances and 
service roads for garbage and post service trucks. 


WATER SUPPLY FACILITIES 


To obtain and maintain an adequate water supply, 
the Army and the Panama Canal authorities worked 
together to establish a system that would be of mutual 
benefit. Three tanks of 1,500,000-gal capacity each, 90 
ft in diameter and 33 ft high, were decided on. To date 








a distance of about two miles, and lifted from an eleva- 
tion of about 15 ft to the tanks. Thence it is distributed 
to and through Albrook Field in a 16-in. cast-iron main, 
which continues to Panama City. The Albrook Field 
tap is a 10-in. line, which is carried into a control house 
where the pressure is reduced from 125 to 50 Ib per sq in. 
From the control house the 10-in. main branches to the 
quarters area and to the barracks and technical area. 
All mains from 6 to 10 in. in diameter are of iron centrifu- 
gally cast. House connections, which vary in diameter 
from 1'/, to 2'/s in., are of galvanized wrought-iron pipe. 
The water connections were laid parallel to the front of 
the houses near the sidewalks. 

The telephone ducts, which were installed 
by the contractor for the whole area, were 
placed in the strip between the walk and 
the curb on the left side of the road, and the 
electric ducts were placed in a similar posi- 
tion on the right side. The parkway cable 
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for street lighting lies along the curb about 
18 in. below the surface. 











TERMITE-PROOF BUILDINGS 
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When the design of the buildings was 
considered, it was decided to resort to con- 
crete structures if for no other reason than 
| to keep out the termite. This insect, erro- 








| 
S Teme! & | emit IS ppron No. 1] neously called the white ant, is the scourge 
ae | xt he of timber construction in the tropics, and 
| + é | everything possible is done to keep it out. 
+150: —-4 sew eae When lumber is used in constructing houses, 
- - - 4 ~ pean the common practice is to place the posts 
‘| RS ee Ee 3B) | on concrete foundations rising about 6 in. 
mice soinedicicatiaaeeana pee Bak above the surrounding area. The bottoms 


funds have permitted the construction of two of them. 
Engineer’s Hill, northwest of Albrook Field, on the Army 
Post of Corozal, was the site selected. The hill was cut 
off from an elevation of 350 ft to that of 293 ft to obtain 
an area large enough for the three tanks originally con- 
templated. 

Water is pumped from the Balboa Pumping Station, 


of the posts are placed in channels filled 
with creosote. 

There are several objections to this type of insulation. 
First, it meeds constant maintenance, which is often 
neglected when dependence must be placed on a low class 
of labor; second, rain beats in on these channels and 
washes out the creosote; and third, dirt and leaves soon 
clog them up unless they are properly maintained, offer- 
ing to termites an opportunity to build their covered 
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passageways. A more recent practice of The Panama 
Canal has been to build concrete foundations and columns 
and then insulate them from the timber parts of the 





Rro Marta SALa Conpuctep UNDERGROUND 
In a Reinforced Concrete Box Culvert 9 by 10 Ft 


structure by 16-oz copper plates turned down over the 
columns to an angle of 45 deg to present a formidable bar- 
rier to the termites. In this type of construction the 
stairs are built separately from the house, and a gap of 
about 1|'/» in. is left between the stair landing and the 
house. The quarters at Albrook Field were built of 
concrete with tile roofs. For trim and roof frames, red- 
wood and termite-proof, chemically impregnated wood 
were used. 

Commissioned officers’ quarters were built in two 
sizes, one for company officers and a larger size for field 
officers. The houses are designed for one family each 
and have large rooms arranged for tropical conditions. 
The bachelor officers are taken care of in one large apart- 
ment house, consisting of 16 sets of quarters of two rooms 
and a bath each. A dining room, library, and billiard 
room are also provided. Servants’ rooms and garages 
occupy the first floor. The quarters of non-commis- 
sioned officers are two-story, two-apartment units. 


HANGARS AND APRONS PROVIDED 


In 1931 the contract for the foundations of hangars 
Nos. 2 and 3 and the Air Corps Warehouse and shops was 
let. Since the back of hangar No. 1, the third hangar to 
be built, would reach to the middle of the Rio Quebrada 
Plata, and because it was desired that this hangar should 
be on a line with the others, the installation of a 250-ft 
culvert, 7 by 7 ft in section, was a necessity. The hang- 
ars, of a type similar to those erected in the States, are 
120 by 240 ft. The Air Corps shops are able to take 
care of all repairs required on the field. Their equipment 
consists of planers, lathes, drills, air compressors, milling 
machines, and smaller equipment. 

Since Albrook Field was designed as a base for pursuit 
ships, it was necessary in laying out the warming-up 
aprons to provide for 25 or 30 ships per hangar, all warm- 
ing up at approximately the same time. Pursuit ships 
are about 30 ft from nose to rudder and have a wing 
spread of about 25 ft. These dimensions vary somewhat 
with different types. The length of apron selected to 
provide available space for the average number of ma- 
chines was 400 ft, and the width, 150 ft. As shown in 
Fig. 2, this width allows ample space for parking planes 
at *F sides, running planes in and out, and operating 
a gasoline truck, all at the same time. 

The concrete was designed for a gasoline truck weigh- 
ing about 7'/» tons when fully loaded, it being the heavi- 
est load expected on the aprons. Although bombers 
also use these aprons, they are somewhat lighter than 
the truck. Aprons, roads, and ramps were reinforced 
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transversely with '/,-in. round bars 6 in. on centers and 
longitudinally with */s-in. round bars from 14 to 15 
in. on centers. The slabs in the aprons are 10 by 50 ft 
and 6 in. thick, with metal contraction joints of the 
standard highway type and '/,-in. premolded asphaltic 
joints on the shorter side. The 30-ft road is 6 in. thick 
at the crown and 8 in. at the sides, but the ramps have a 
uniform thickness of 7 in. 

In building the aprons the contractor elected to grade 
all three at once and then pour alternate 10-ft slabs 
simultaneously. For instance, in Apron | he poured Slabs 
1 and 3 the first day; 5 and 7, the second; 9 and 11, the 
third; and 13 and 15, the fourth. When these slabs 
were properly cured, the intermediate ones were poured. 
Concrete was cured by spraying emulsified asphalt on 
the fresh surface. One reason for using this material 
was to kill the glare of the concrete. 

To secure rapid run-off from the center of the aprons 
it was decided to use a hyperbolic curve, according to the 


formula: 
= <(—s + q25 + Se), as so 


in which y is the a in the surface elevation at the 
crown and at a distance x from the crown; W is the total 
width of the roadway; and ¢, the total height of the 
crown. Results have been very gratifying. Drainage 
was accomplished by turning up the outer 2 ft of the 
aprons around the edges. 

After the rainy season of 1932, when planes attempted 
to land while the field was still too wet, the three aprons 
were connected with a 50-ft concrete strip, thus provid- 
ing a 950-ft emergency landing and take-off strip avail- 
able in rainy weather for all planes except bombers. 

Around Albrook Field the country consists of low 
rolling hills running as high as 1,500 ft, and heavily 
wooded. The valleys are covered with a saw grass 
known locally as cana brava, which spreads like wildfire. 
When it grows its roots bunch up and form clumps. Its 
eradication is difficult and can only be accomplished by 
hand if kept at day by day. The best grass with which 
to sod the field and keep down the cana brava was found 
to be Bermuda grass. After two years a fairly good mat 
has been obtained which keeps the cana quite well in 
hand. When Bermuda grass is cut up by tail skids it 
roots again and continues growing. It has the strength 
to go through the dry season, only browning up a little, 
and so far has proved satisfactory. 
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barracks, and utilities, hangar and shop foundations, 
J. A. Jones Construction Company; reservoirs, relocated 
Gaillard Highway, service roads, and precast drains, 
Grebien and Martinz; erection of hangars and shops, 
J. W. Patience; and warming-up aprons, roads, and 
ramps, Tucker T. McClure. 


Influence of Temperature on Coagulation 


Water Treatment Experiments in New Jersey Show Floc Formation and Color 
Removal Are Retarded with Rising Temperatures 


By Crarence J. Vewz 
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work on water purification 

has been conducted in recent 
years in an attempt to discover the 
fundamental factors influencing floc 
formation and color removal. 
From these contributions has come 
recognition of the significance of 
the hydrogen ion and also a better 
understanding of the process of color 
removal. In his pioneering work 
on the electro-chemical phases of 
color removal, Thorndike Saville, 
M. Am. Soc. C.E., and many 
workers since have changed the 
concept of the process from one of 
simple mechanics to one of an 
electro-chemical complexity. More 
recently, attention has been focussed 
on the influence of a number of ions 
other than those of hydrogen, but 
knowledge to date concerning them 
is rather limted. Many phe- 
nomena are explained by assuming 
that each water is a law unto itself 
and by attributing its peculiarities 
to inherent characteristics. 


(CC work oa water’ research 


(20m TRARY to the generally ac- 
cepted view that chemical activity 
increases with a rise in temperature, 
experiments in water treatment recently 
conducted by Mr. Velz indicate the 
exact opposite. His tests showed 
strongly that the dosage of coagulant 
required to produce a water color of 20 
ppm decreased with a rise in tempera- 
ture. Floc formed more quickly when 
the temperature of the raw water was 
low—from about 2to14C. At summer 
temperatures larger dosages of coagulant 
were uniformly required to produce 
the same results. An analysis of such 
factors as the hydrogen ion concentra- 
tion, the original color of the raw water, 
and other influences which might happen 
to coincide with the seasonal change in 
temperature bore out the strong positive 
correlation between temperature and 
amount of coagulant required to produce 
a standard water. Further experimen- 
tation will be needed to verify Mr. 
Velz’s suggested explanation, based on 
electro-chemical activity. 


data collected during this period 
a curve indicating this relationship 
was constructed, which served as 
a guide for plant operation. This 
curve, designated ‘‘winter curve,”’ is 
shown on Fig. 1. The alum re- 
quirements throughout the late fall 
and winter did not deviate appreci- 
ably from the amounts indicated on 
this graph. However, as soon as 
the temperature of the raw water 
rose to 16 C a marked change was 
noted, and the deviation from the 
winter curve became more pro- 
nounced as the temperature rose. 
As measured by routine plant 
procedure, the variation in the 
chemical characteristics of the raw 
water was not sufficiently marked 
to explain the decided change in 
alum requirements. An analysis of 
the bench test data on raw water 
having a color from 34 to 38 ppm, 
for temperatures from 8 to 24 C, 
indicated a close relationship be- 
tween temperature and amount of 
alum dosage, as shown in Fig. 2. 


During 1932-1933 I was in charge of an experimental 
water purification plant, of 30,000 gal per day capacity, 
which was operated primarily to study the effect of 
mixing and conditioning in the treatment of the potable 
water supply, and of improving the operation of the 
existing 35 mgd plant. The source of supply was surface 
water of a drainage area in northeastern New Jersey. 
Although the experimental plant was operated largely 
to secure more economical operation rather than to 
study fundamental principles, certain observations 
were made which may be of general interest and value 
in water works engineering. 

One of the startling facts discovered in this work was 
the predominant réle played by temperature in plant 
operation. Contrary to the general conception, higher 
temperatures had a detrimental effect, for they necessi- 
tated a substantial increase in the amount of coagulant 
required. Three independent studies on temperature 
were made and are presented here. 


BENCH TESTS IN WINTER AND SUMMER 


The first observation of the effect of temperature 
was noted in connection with jar experiments using a 
bench mixing machine. Jar tests were made regularly 
to determine the minimum dosage of coagulant to be 
used in operating the experimental plant. A marked 
change in the required amount of dosage was noted 
with the advent of warm weather. During the winter 
months the quantity of alum required to produce a 
basin effluent color of 20 ppm appeared to be a function 
of the color of the raw water. From the bench test 


From this figure it is apparent that the influence of 
temperature was not marked during the winter, when 
the temperature was between 8 and 14 C. _ In that 
range the amount of alum required varied only between 
0.9 and 1.1 grains per gal. However, between 14 and 
24 C, there was a decided change in the amount of 
alum required, which ranged from 1.1 to 2.1 grains 











per gal. This variation appeared to be definitely cor- 
related with temperature. 
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Alum Dose in Grains per Galion 
Fic. 1. RELATIONSHIP BETWEEN RAW WATER CoLoR AND ALUM 
DosE REQUIRED TO PRODUCE A COLOR IN THE BASIN EFFLUENT 
OF 20 ppm AT TEMPERATURES SHOWN 
From Jar Tests with a Bench Mixing Machine 


Results obtained in the experimental plant paralleled 
those secured in the jar tests and indicated the same 
relationship between alum requirements and tempera- 
ture. The jar tests with the mixing machine followed 
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routine procedure. The dosage for the experimental 
plant was found to be approximately 0.85 times that 
used in the jar tests. 

When the data for the summer period, May to Sep- 
tember, are plotted on the same graph with the winter 
data, the temperature influence is startlingly apparent 
(Fig. 1). The marked difference between the winter 
and the summer curves cannot be attributed to the 
raw water color, which varied in both seasons from 30 
to 70 ppm. The summer dosage is found to be from 1.6 
to 2.2 times that of the winter dosage. 

Temperature and raw water color were the two domi- 
nating factors which indicated the economical dosage of 
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Alum Dose in Grains per Gallon 

Fic. 2. RELATIONSHIP BETWEEN TEMPERATURE AND ALUM DOSE 

REQUIRED TO PRopucEe A COLOR IN THE BASIN EFFLUENT oF 20 

ppm WHEN Raw Water Cotor Is as SHOWN 


From Jar Tests with Bench Apparatus 


coagulant. The relationship between alum dosage, 
water temperature, and raw water color may be repre- 
sented by a series of curves lying between the winter 
curve and the summer curve in some such way as in- 
dicated by the dotted lines in Fig. 1. The general 
characteristics of this type of curve are fixed primarily 
by the color of the raw water, whereas the position of 
the curves on the alum dosage axis is a function of 
temperature. 

The strong correlations between alum dose and tem- 
perature, and between alum dose and raw water color 
appear to show that hydrogen ion concentration has 
minor significance. The pH value had varied through 
the same ranges during the warm weather as during 
the cold. For the method of treatment under con- 
sideration—the use of alum, or a combination of alum 
and chlorinated copperas, without any attempt to 
adjust the pH value with acid—the fundamental rela- 
tionships indicated in Figs. 1 and 2 hold true. 


ARTIFICIAL COOLING TESTS 


It may be protested that the influence apparently 
due to temperature, indicated in Figs. 1 and 2, was not 
actually the direct result of temperature but rather 
was caused by a variation in some unknown factor which 
happened to coincide with the seasonal change. A 
series of cooling experiments conducted on the raw 
water in the summer substantiated the relationships 
derived from the bench test data and strongly indicated 
that temperature and not some coincident factor was 
responsible for the reactions observed. 

These experiments commenced with the warm summer 
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water, which was gradually cooled to winter temperatures 
so as to determine whether the relationship previously 
determined held true in this case. The bench mixing 


F 


series as regards color removal, speed of floc formation, 
and quantity and quality of floc. The original water 
samples were at 24 C. Although the curve of alum 
dosage for the cooled samples, the dotted curve in 
Fig. 2, does not coincide exactly with the solid curve 
for the samples tested at natural temperatures, the 
amount of alum required definitely grew less as the 
temperature went down. This indicated with reasonable 
certainty that temperature actually was the cause of 
the variation in the amount of alum required. 

It must be remembered that the influence of tem- 
perature is apparent only when the minimum economical 
alum dosage is used. When the dose is more than the 
minimum required to remove the color economically 
and practically, the effect of temperature is greatly 
reduced. In much research work therefore, the tem- 
perature factor has been unrecognized, because in 
general the dosages of coagulant have been much larger 
than those required for normal economical plant opera- 
tion. 

MATHEMATICAL COEFFICIENTS OF RELATIONSHIP 


If the influence of temperature is as strong as indicated 
by the two types of evidence discussed up to this point 
it is logical to assume that this fact will be retiected in 
the data of the 35-mgd main plant and can thus be 
measured quantitatively by standard statistical methods. 
An analysis of means, standard deviations, and coeffi- 
cients of correlation, both multiple and partial, sub- 
stantiates the experimental observations and places 
a high significance on temperature influence. An 
elementary discussion of correlation is given by W. P. 
and E. M. Elderton in Chap. 5 of their Primer of Statistics 
(A. and C. Black, London). A good treatment of the 
technique of computation may be found in Chap. 9 of 
Statistical Methods Applied to Education, by H. O. 
Rugg (Houghton Mifflin Company, Boston). The 
mathematical theory of correlation, essential to an 
understanding of the method, is well presented in 
Chap. 2 of Forecasting the Yield and the Price of Cotton, 
by H. L. Moore (The Macmillan Company, New York); 
and in Chaps. 9 and 10 of An Introduction to the Theory 
of Statistics, sixth edition, by G. U. Yule (C. Griffin and 
Company, Ltd., London). The logical basis of correla- 
tion is best discussed by Karl Pearson in Chaps. 4 and 
5 of his Grammar of Science (A. and C. Black, London). 
An excellent example of the application of the technique 
of partial and multiple correlation is contained in a 
monograph by Frank A. Ross, The Method of Partial 
and Multiple Correlation Applied to School Attendance 
(Census Monograph 5, Bureau of Census, Washington, 
D.C., 1924). A graphical solution of a correlation 
table is given in TRaNsactions, Vol. 94, 1930, pages 
936-960. 

The data for the main plant for the period from June 
1932 to June 1933, shown in Table I, were selected as 
comparable with those from the operation of the experi- 
mental plant. A five-day average practically coincided 
with the changes in plant operation. The major factors 
influencing alum dosage, X,, were taken to be the 
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following: color of raw water, X:; temperature of raw 
water, X;; and pH value of raw water, X,. The mean 
alum dose for the period is computed to be 1.15 grains 


DaTA PERTAINING TO THE OPERATION OF THE 
35-mcp MAIN PLANT 


Five-Day Averages, June 1932 to June 1933 


Raw Water 


Tasie I. 





Atum Dose 
Date Color, pH Temperature Grains per 
ppm F Gal 
June, 1932 30 7.3 68 1.30 
28 7.3 68 3.31 
27 7.5 68 1.27 
35 7.5 71 1.28 
32 7.4 69 1.27 
28 7.5 7 1.27 
July 36 7.5 73 1.34 
39 7.6 72 1.40 
38 7.8 74 1.42 
38 7.6 74 1.40 
38 7.6 75 1.44 
36 7.6 76 1.43 
August 29 7.6 76 1.42 
30 A. 76 1.40 
32 7.5 76 1.43 
37 7.5 76 1.42 
38 7.7 76 1.42 
36 7.5 76 1.50 
September 30 7.6 78 1.39 
33 7.6 73 1.41 
34 7.8 67 1.42 
34 7.7 65 1.42 
35 7.6 68 1.42 
31 7.7 64 1.95 
October 3€ 7.4 55 1.00 
November 42 7.4 50 0.95 
42 7.4 50 0.96 
47 7.3 47 1.07 
42 7.2 ay 1.22 
52 7.2 40 1.43 
December 48 7.1 40 1.44 
42 6.9 40 1.26 
37 6.9 38 1.26 
36 6.9 35 1.17 
34 7.0 36 1.15 
33 7.1 37 1.20 
January, 1933 32 7.1 36 1.18 
28 | 37 .00 
25 7.2 37 1.00 
25 7.2 37 0.78 
24 7.3 39 0.82 
25 7.4 38 0.78 
February 24 7.6 38 0.77 
23 7.6 36 0.73 
25 7.6 33 0.67 
24 7.6 35 0.67 
23 7.4 37 0.67 
30 7.1 36 0.67 
March 25 7.0 38 0.70 
29 7.1 38 0.98 
32 7.3 38 0.88 
31 7.4 39 1.00 
32 7.3 39 0.99 
32 7.2 40 0.99 
April 29 7.2 44 0.78 
29 7.3 48 0.74 
34 7.4 50 0.92 
38 7.1 52 1.04 
41 7.1 52 1.10 
40 7.2 53 1.13 
May 36 7.3 57 1.15 
35 7.3 59 1.26 
37 7.2 58 1.17 
38 7.4 61 1.13 
40 7.4 64 1.13 
7 7.3 68 1.28 
per gal and the standard deviation, 0.25. The standard 


deviation, ¢, is the square root of the arithmetic mean 
of the squares of all deviations, deviations being measured 
from the arithmetic mean of the observations. The 


Civit ENGINEERING for Fuly 1934 


347 
means and standard deviations for the other factors 
are as follows: 

Alum dose, X, = 1.15; standard deviation, ¢y, = 0.25 
Color of raw water, X; = 34; standard deviation, ¢y, = 6.15 
Temperature, X; = 54 F; standard deviation, 7x, = 15.5 

pH value, X, = 7.35; standard deviation, 7x, = 0.22 


In general the opinion is that raw water color and its 
pH value are the factors which determine alum dosage, 
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Fic. 3. CoLoR REMOVAL AND TIME oF First APPEARANCE OF 
FLoc IN RELATION TO BOTH TEMPERATURE AND pH VALUE 

1.5 Grains per Gal of Alum Used as a Coagulant; pH Value 

Adjusted with Sulfuric Acid; from Jar Tests with Bench Ap- 
paratus; Temperature Adjusted by Cooling in Icebox 


and therefore the first coefficient of relationship (7) 
computed was between alum dosage and color of raw 





water. The relationship is expressed by the general 
equation, 
2x1 . Xi 
rx, “Xe = Se . . . . . . [1] 


which is a derivation of Galton’s law of simple rela- 
tionship, where x, and x, are deviations of the individual 
values from the means of the X, and X, series, re- 
spectively. In it r may vary from —1 to +l. The 
relationship is weak when near zero and strong when 
near unity. Unity is taken as a perfect relationship. 
The coefficient of relationship, 7», between alum dose, 
X;,, and color of raw water, X2, is computed to be +0.421, 
with a probable error of +0.10. This relationship is 
not strong, since four times the probable error prac- 
tically equals the coefficient. This is somewhat sur- 
prising as it indicates that the color of the raw water 
is not a strong factor in determining what the alum 
dosage shall be throughout the year. Likewise, the 
relationship, ru, between alum dose, X;, and the pH 
value of the raw water, X,4, is computed to be +0.292, 
with a probable error of +0.076. Here again, four 
times the error practically equals the coefficient, and 
hence the variation in the pH value of the raw water 
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has but little significance. The difference between the 
squares of the coefficients indicates that the color in- 
fluence is about twice as strong as the influence of the 
pH value but neither of these two coefficients is signifi- 
cant. From a statistical standpoint they are relegated 
to positions of minor importance. The primary de- 
terminants must therefore be other factors. 

That temperature is the dominant factor is borne out 
by the high coefficient of relationship between the alum 
dose and the temperature derived from data from the 
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CoLtork REMOVAL AND Time oF First APPEARANCE OF 
FLoc In RELATION TO PH VALUE 
2.0 Grains per Gal of Alum Used as a Coagulant; pH Value 
Adjusted with Sulphuric Acid; from Jar Tests with Bench 
Apparatus 


Fic. 4. 


main plant. This relationship, ris, is computed to be 
+0.750, with a probable error of +0.054. Subtracting 
four times the probable error leaves a factor of +0.53, 
which is sufficiently close to unity to indicate a con- 
siderable correlation. 

These relationships are of the zero order and do not 
take into account the interrelationship of the several 
factors. Hence alum dose, raw water color, and tem- 
perature were selected as three variables, and compu- 
tations for the partial and the multiple relationships 
were made. The partial coefficient, ri2.3, which is 
the relationship between alum dose, 1, and raw water 
color, 2, when temperature, 3, is held constant, is com- 
puted to be +0.395. This is less than the zero order, 
ry, of 0.421, showing that temperature is involved in 
ry. Similarly, the relationship, r3., between alum 
dose and temperature, with raw water color held con- 
stant, is computed to be +0.742. This is but slightly 
less than the value of 7; previously computed to be 
+0.750. Also the relationship, f.., between raw 
water color and temperature, with alum dosage held 
constant, is computed to be —0.155. This brings 
out markedly the strength of the relationship between 
temperature and alum dosage. 


DEMONSTRATING THE RELATIVE IMPORTANCE OF 
TEMPERATURE AND RAW WATER COLOR IN 
DETERMINING ALUM DOSE 


Now, by combining the relationship between alum 
dose and raw water color plus temperature, a multiple 
coefficient, Rie, of +0.793 is computed. The in- 
clusion of the raw water color in the multiple coefficient 
increased the relationship between alum dose and 
temperature only from 0.750 to 0.793, whereas inclusion 
of the temperature factor in the relationship between 
alum dose and raw water color increased the coefficient 
from 0.421 to 0.793. This shows to some extent the 
relative importance of temperature and raw water 
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color. Since a zero order coefficient of 0.421 changes 
the temperature coefficient only from 0.750 to 0.793, 
it is obvious that to include in the multiple coefficient 
a zero order of 0.292 for the pH value of the raw water 
will raise the factor 0.793 but slightly. Therefore, the 
laborious mathematical technique involving four vari- 
ables was not undertaken. 

These mathematical coefficients of relationship are 
consistent with the results of observations made at the 
experimental plant. The low coefficient of correlation 
between alum dose and pH value is in substantial agree- 
ment with the experimental results. Careful observa- 
tion during changes in the pH value of the raw water 
soon led to the conclusion that the variation in the 
concentration of the hydrogen ion of the raw water 
had but little effect on operation or results. This was 
particularly true during cold weather. The coefficient 
of correlation of 0.421 between alum dose and raw 
water color appears to be too weak to be consistent 
with Fig. 1, when taking into consideration the entire 
range of raw water color from minimum to maximum. 
However, an analysis from the standpoint of the mean 
color and the standard deviation from the mean shows 
no disagreement. The mean color for the year was 
34 ppm, with a standard deviation of 6 ppm. From 
Fig. 1 it will be apparent that a variation in the color 
of the raw water of plus or minus a standard devia- 
tion from the mean only alters the alum dose from 15 to 
20 per cent. 

The coefficient of 0.75 for the relationship between 
alum dose and temperature certainly substantiates 
the conclusions derived from the experimental data, 
and the relative strength of the influence is consistent 
with the tests. A standard deviation in temperature 
from the mean produced a 60 per cent change in alum 
requirements. The data from the operation of the 
experimental plant, those from the cooling experiments, 
and those from the main plant all concur in placing 
major importance on temperature. This can be said 
to be true only for this particular water and for this 
particular method of treatment. 


RELATIONSHIP BETWEEN TEMPERATURE AND 
PH VALUE DISCUSSED 


By an adjustment of the pH value with acid to the 
optimum point, the detrimental effect of high tem- 
perature can be practically eliminated. It appears 
from controlled tests, using the bench mixing machine, 
that the optimum concentration of hydrogen ions is 
related to temperature. At summer temperatures the 
optimum is between narrow limits, in the vicinity of a 
pH value of 5.4, whereas in the winter the optimum has 
a considerable range. Excellent results can be obtained 
at a pH value of 6.7, when the temperature is between 
8 and 14 C, but when the temperature is between 20 
and 25 C it is necessary to adjust the pH value to a 
point below 5.8 to get comparable results with the same 
quantity of coagulant. 

When alum is used as a coagulant, rapid floc formation, 
in general, indicates good color removal and good agglom- 
eration. Rapid floc formation can be obtained either 
by adjusting the pH value to a point below 5.8 or by 
controlling the temperature to a point below 16 C. 
In other words, if the temperature is below 16 C, an 
adjustment of the pH value is not necessary, but if the 
temperature is much above 16 C, it is necessary to 
increase the hydrogen ion concentration in order to get 
the same results. A typical indication of the relation- 
ships involved is presented in Fig. 3. From this graph 
it is seen that the time of floc formation and color re- 
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moval tend to parallel each other. At summer tem- 
peratures and at a pH value above 6, floc forms slowly 
and color removal is poor. The best results are ob- 
tained at a pH value of 5.4, when floc forms within two 
minutes by jar tests and mixing machine, and color 
removal is the maximum possible with the dosage used. 
A comparison of Fig. 3 with Fig. 4 shows that the 
smaller the quantity of coagulant used, the more steep 
are the color and time curves, and therefore the narrower 
the zone of pH values that will produce economical 
coagulation. T":e specific observations presented in 
Figs. 3 and 4 are typical of the general relationships 
which controlled reactions throughout the entire period 
of the operation of the experimental plant and appear 
to be in agreement with the classical research of Clark, 
Theriault, Miller, and more recently, of Bartow, Black, 
and Sansbury. 

These observations hold for summer conditions. 
During the cold weather quite another condition prevails 
which is caused by temperature. Reference to Fig. 3 
will show how important temperature is in floc forma- 
tion and color removal. When the temperature is at 
24 C and the pH value is 6.7, floc formation is slow and 
the amount of color removed small, but as the tem- 
perature is reduced, either by the natural seasonal 
processes, or by cooling artificially, the speed of floc 
formation increases and color removal is more complete. 
As the temperature approaches the freezing point, 
floc formation is almost instantaneous, agglomeration 
is excellent, and color removal approaches its maximum. 


RESULTS OBTAINED WITH CHLORINATED COPPERAS AS 
A COAGULANT 


The effect of temperature observed when alum was 
used as a coagulant was also apparent to the same extent 
when a combination of 70 per cent alum and 30 per cent 
chlorinated copperas was used. When chlorinated 
copperas alone was used the temperature influence was 
_also apparent. However, only a few tests were made 
and therefore no definite conclusions are presented. 
For the relationships of the pH value of the treated water 
to the time for the first appearance of floc and to 
the units of color removed, a more extended series of 
tests was made, using chlorinated copperas alone. The 
results are indicated in Fig. 5. 

Floc formed rapidly on the acid side between pH 
values of 3.8 and 4.8; also on the alkaline side between 
pH values of 8.0 and 10.0. The quality of the floc 
and the agglomeration were excellent on the acid side, 
but on the alkaline side the floc never agglomerated 
into large particles, even with prolonged mixing. Like- 
wise, the water was clear when on the acid side and 
cloudy and colloidal when on the alkaline side. These 
observations are similar to those made by Bartow, 
Black, and Sansbury. The color removal curve, when 
chlorinated copperas was used as a coagulant does not 
parallel the curve showing time for first appearance of 
floc to the same extent as it does when alum was used. 

On the acid side, between pH values of 3.8 and 4.8, 
the speed of floc formation could be used as an index for 
effective color removal, but on the alkaline side, although 
floc formed rapidly, there was no removal of color 
whatever. In the zone between pH values of 4.8 and 
8.0 floc formed slowly; the water was highly colloidal; 
and color was imparted to the water instead of being 
removed. Chlorinated copperas alone as a coagulant 
was not economically practical, as it necessitated large 
additions of acid in order to keep the pH value of the 
water within the zone where color was effectively re- 
moved. However, a combination of chlorinated cop- 
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peras and alum proved to be far superior to either 
coagulant alone. 


CONCLUSIONS 


In these investigations no attempt was made to control 
the chemical characteristics of the water, but rather 
it was the purpose to determine a practical treatment 
of the natural surface-water supply. Variation in the 
chemical composition, as measured in routine water 
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works practice, had but slight if any effect on the process 
of floc formation and color removal. A statistical 
analysis of the chemical data from the main plant 
indicated the same conclusion. Preliminary experi- 
ments, varying the sulfate ion, the calcium ion, and the 
chloride ion, did not give results which differed more 
than the experimental error involved in bench test 
methods. 

The temperature phenomenon observed presents 
another indication of the complexity of the process of 
floc formation and color removal. This relationship 
is undoubtedly governed by electro-chemical rather 
than chemical laws. The three independent measure- 
ments of the effect of temperature all give a positive 
correlation—that is, increase in temperature requires an 
increase in the amount of coagulant and decrease in 
temperature permits a decrease in the amount of co- 
agulant. This positive correlation is contrary to the 
usual conception of the influence of temperature on a 
chemical reaction but is in complete harmony with the 
principles of electro-chemistry. My theory is that, 
when minimum economical dosages are used, ionization, 
hydrolyzation, ion absorption, and the dielectric con- 
stant of water are changed sufficiently by the change in 
temperature to explain the results observed. The 
only evidence offered in support of this theory is that 
the temperature influences fit logically into an electro- 
chemical concept. Electro-chemical experimentation 
was beyond the scope of my work in these experiments 
and therefore these observations are presented with the 
hope that they may be investigated by others using 
electro-chemical methods. 
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Adjustable-Blade Turbine Installation 


Government Installs New Hydro-Electric Unit in Its Plant at Sault Ste. Marie, Mich. 


By E. L. CuHanpier 
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EncINneeER, Price Brorners Company, Dayton, Oxn10 


OME features of the design and 
construction of the hydro- 
electric unit placed in opera- 

tion in 1932 on the St. Mary’s River 
at Sault Ste. Marie, Mich., are of 
interest as marking advances in both 
equipment and plant details for that 
type of power development. The 
new unit is an addition to the power 
plant adjoining the north wall of the 
navigation locks at the rapids in the 
river. This plant is owned by the 
U. S. Government and is operated 
by the Edison Sault Electric Com- 
pany under lease. As shown in 
Fig. 1, the unit consists of a 114-in., 
propeller-type, adjustable-blade tur- 
bine, which is rated at 3,000 hp 


thd the vertical unit recently added 
to the Government's hydro-electric plant 
at the falls in the St. Mary's River, an 
electrically operated mechanism adjusts 
the tilt of the blades of the 3,000-hp, pro- 
peller-type turbine to give maximum ef- 
ficiency under varying conditions of 
head and gate opening. The adjust- 
ment is not made automatically but is 
controlled by the plant operator from the 
main switchboard. In the design of 
this unit, special attention was given 
to the concrete scroll case, draft tube, 
and hydraucone. The high test ef- 
ficiency of the unit reflected the careful 
design and execution of the work. This 
is the first unit to be completed in the re- 
construction of the existing plant. 


lip of the hydraucone, although its 
maximum diameter is 32 ft. As in- 
dicated in Fig. 1, the noses of the 
piers are 10 ft from the center line 
of the unit. The shape of the hy- 
draucone and draft chamber may be 
understood from the illustrations. 
Suspension of the hydraucone 
from the roof of the draft pit neces- 
sitated a heavily reinforced struc- 
ture. The design provided for very 
heavy beam reinforcement in parts 
of this roof, especially across the 
downstream part and around the 
steel-lined section of the draft tube. 
In the latter location, the principal 
reinforcing steel extends in a general 
up- and downstream direction and 


undera 20-ft effective head at 128'/, 
rpm, and direct-connected to a 2,500-kva generator. 

Although the normal daily range of operating head act- 
ing on the turbine is small, it is possible to bring about 
a considerable variation of head by manipulating a system 
of control gates across the river upstream from the plant. 
By this means it was possible to check the performance of 
the unit over a comparatively large range of conditions. 
Such tests of actual operation showed that the power 
output was very considerably in excess of the guaranteed 
rating, and that it reached as high as 113 per cent of the 
rated, or guaranteed, turbine capacity throughout vary- 
ing conditions of operation. 

Of particular interest from a hydraulic standpoint is 
the fact that exceptionally smooth operation was ob- 
tained under varying head through the complete range 
of runner-blade tilt. A dime balanced on edge on the 
generator frame remained in that position under all condi- 
tions of operation. Some results of the tests are given 
in the diagrams of Fig. 2, which are presented by courtesy 
of the U. S. Engineer Office at Sault Ste. Marie. 

In the design of the new unit, particular study was 
given to the problem of obtaining smooth, unobstructed 
flow in the wheel and draft pits. The results obtained 
in operation appear to justify the care 
taken in construction. A vertical section 
showing the essential features of the setting 
is given in Fig. 1. The turbine is mounted 
in a concrete scroll case and discharges 
through a concrete draft tube, the upper 
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is carried past the tube on each side 
and into the two piers previously mentioned. These 
tend to serve as end supports for the peripheral beams 
thus embodied in the roof of the chamber. 

Since the weight of the hydraucone, that of the water 
in the wheel pit, and that of the and masonry 
above, all come on the draft-pit roof, both center-line 
piers carry considerable load. However, the reinforcing 
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part of which is lined with steel, and then 
through a reinforced concrete hydraucone. 
The draft pit is entirely free from obstruc- 
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tions to flow outside the limits of the hy- 





draucone, with the exception of two piers 
on the center line of the unit, one extend- 
ing from the hydraucone to the upstream 
wall of the pit and the other from the 
hydraucone to the downstream limit of the 
power house structure. There is no sup- 
port other than these two piers under the 
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TURBINE RUNNER AND SHAFT AS RECEIVED AT POWER HOUSE 
Motormatic Equipment Under Cover at Left 


““MoToRMATIC”” EQUIPMENT, WHICH ADJUSTS 
Pitch OF TURBINE BLADES FoR Best EFFI- 
CIENCY, UNDER CONTROL OF THE STATION 

OPERATOR © Allis Chalmers 











New Power Unit at Sautt Ste. MARIE PLANT 


steel in the chamber roof was placed so as to reduce the 
loads carried by these piers as much as possible. The 
foundation material being a hard sandstone, it was pos- 
sible to design the piers with the satisfactorily small di- 
mensions shown and obtain a very efficient chamber. 
Although the adjustable-blade type of runner is not 
new, the method of tilt control employed in this unit is 
a recent development and is of interest from the point of 
view of plant operation. The design has been given the 
name of ‘‘Motormatic’’ by the manufacturer. There is 
a general resemblance to the adjustable type covered by 
the Kaplan patent. In the Kaplan design, however, the 


blade adjustment is synchronized automati- 
16.5 
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This type of mechanism for the operation and control 
of tilt blades offers many advantages for this particular 
installation. Several other units are in operation with 
the new unit, and conditions of head and load are fairly 
constant. Among the advantages are control of tilt to 
meet changes of both head and load so as to produce the 
power at or near the maximum efficiency of the unit at 
best head and gate opening. The loads range from 1,500 
to 3,000 hp at a 20-ft head and ding power out- 
puts for heads ranging from 17 to 22 ft. A reduction of 
wear on the blade bearings and other expensive parts of 
the turbine is effected by making no tilt adjustment for 
minor variations in load, over which the change in ef- 
ficiency is negligible. 

Careful determinations of the efficiency of the new 
turbine were made difficult by entrance conditions, since 
the deep channel of the forebay approaches the piers at 
an angle. However, at a head of from 17 to 20 ft the 
tests showed better efficiency than did either the model 
tests or the same sized unit installed in other plants 
when operating at or near the same heads. 

The plant was designed by the firm of Holland, Acker- 
man and Holland, consulting engineers of Ann Arbor, 
Mich., and built by the Price Brothers Company, gen- 
eral contractors of Dayton, Ohio. The R. E. Townsend 
Corporation, of Ann Arbor, was associate contractor. 
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cally with the movement of the turbine 3000 


guide vanes, transmission of movement be- 
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ing accomplished by oil pressure. In the 
unit here described, tilting of the blades is 
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effected by electrical operation and may be 
accomplished either in correlation with the 
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movement of the guide vanes or independ- 
ently, through manual push-button control 
by the station operator at the main switch- 
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board of the plant. In this installation the 
latter method appeared to be the most de- 
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sirable and was therefore adopted. 
The operating mechanism consists of a 





oO 
~ 


system of electrically operated gears housed 
at the top of the turbine shaft. The shaft, 
as in other installations of tilt-blade units, 
consists of a hollow member within which is 
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fitted a solid shaft to transmit the motion of 
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adjustment from the motor-operated gears 
at its upper end to the runner blades at its 














lowerend. The essential difference between 
the method of tilt adjustment employed in 

















this unit and that in other designs is that 
here the runner tilt is regulated by a turning 
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locking gears, which hold the runner blades 
at the position set, whereas in others the 





tilt is accomplished through a push-and-pull 
movement of the inner shaft. The motor 





and gears, together with their housing, are 


movement of the inner shaft, through self- 
; 
built into the shaft and revolve with it, 3 





power being transmitted to the motor through 
sliprings. The position of the runner blades 





is registered by means of a potentiometer 











inside the housing with leads operating 
back through the slip rings toa control panel 
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in the main switchboard of the plant. A v 
photograph of the turbine runner, taken 
after it arrived on the job, shows the 
shaft and runner mechanism as it was as- 
sembled for shipment. In this view the 
“Motormatic” feature is at the extreme 
left, hidden by a protective covering. 


(a) Head-Horsepower Curve for Full Gate and Full Tilt of Runner Blades; 
Relation Between Gate Opening and Tilt of Blades for Best Efficiency; 
(c) Relation Between Horsepower, Runner Tilt, and Gate Opening at a 20-Ft Head 
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Design Problems on New York Subways 





UNDERPINNING THE RETAINING WALLS AT THE 
167TH STREET HIGHWAY UNDER CROSSING 


ANY of the problems encountered in the build- 

ing of a subway system in the city of New York 
are connected with the adjustment of the structure to ex- 
isting improvements both above and below the ground. 
In general the subways are built within the street 
lines in open cut so that their roofs are close to the 
surface. In the upper part of Manhattan, however, 


ITH the exception of a two-mile supplementary 
trunk line under Sixth Avenue, in the midtown 
terminal zone of the Borough of Manhattan, 

the construction of the 55-mile Independent Subway 
System, owned and financed by the City of New York, 
is now completed. The Sixth Avenue Line will be built 
when funds become available for that purpose. At 
present, trains carrying 600,000 passengers per day 
are being operated over 33 route miles (Fig. 1). As 
soon as interior finish work in stations and track installa- 
tion are completed and operating equipment is obtained, 
train service will be extended over the remainder of the 
system. The planning and construction of the system 
are under the jurisdiction of the Board of Transporta- 
tion, a department of the city government. 

For construction purposes, the subway system, con- 
sisting of a number of routes, was divided into contract 
sections from one-half mile to one mile in length. For 
each section, contract drawings, specifications, and 
estimates were prepared, and bids obtained from con- 
tractors. Construction work was let on a unit price 
basis to the lowest bidder on each of the contract sec- 
tions. The Engineering Department of the Board of 
Transportation prepared all the plans for the subway 
structures, inspected the materials required, and super- 
vised all the construction work. To illustrate some of 
the engineering problems that had to be solved in the 
planning of the system, two portions, one comprising 
two and a half route miles of subway along St. Nicholas 
Avenue in upper Manhattan, and the other, two miles 
of subway along the Grand Concourse in the Borough of 
the Bronx, have been selected for description from those 
parts of the Independent System for which structural 
plans were prepared under my direction. 


ST. NICHOLAS AVENUE LINE 


Extending from 123d Street to 160th Street, the St. 
Nicholas Avenue Line is 2'/, route miles in length and 
includes 11'/, track miles. It was built at a cost of 
$20,000,000. 

St. Nicholas Avenue leads north from the low, flat 
lands of Harlem, which lie to the south and east of its 
intersection with 123d Street, to the high plateau form- 
ing Washington Heights. Washington Heights, except 


Complications in U, ‘per Manhattan and the 
Bronx on the Now Completed 55-Mile 
Independent City-Owned System 
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high ground and steep slopes required tunneling 
methods for a part of the work, and the crossing of 
the Harlem River into the Borough of the Bronx neces- 
sitated a location below the river level. In this article 
Mr. Brahdy describes some of the problems that 
arose on the work under St. Nicholas Avenue and 
the Grand Concourse and explains how they were met. 


for Inwood Hill, is the northernmost of the rock ridges 
and hills in Manhattan and has become a densely 
populated residential district since the opening of the 
first subway in 1904. The continuity of St. Nicholas 
Avenue made it the logical thoroughfare for the new 
subway connecting Washington Heights and other parts 
of northern Manhattan with the midtown and downtown 
business sections. 

In the two miles from 123d to 160th streets, the street 
surface of St. Nicholas Avenue rises 135 ft from eleva- 
tion 125 to elevation 260, taking mean high water of New 
York Bay as elevation 100. This datum was adopted 

to avoid minus elevations in 








Concourse Yard Perry Ave river tunnels. The highest 
207 th Syarg BRONX surface elevation along the 
207 th Stef new subway in Manhattan is 
181 st Staf Fordham Rd two miles farther north, at 
~ RGeorge te inst ~—-*:190th Street. Here the street 
Washington . 
Bridge\\ surface has an elevation of 
168th St 350. Beyond 190th Street 
Polo Ground there is a steep downward 


slope resulting in 
a drop of 230 ft to 
elevation 120 in 
the Dyckman 
Valley. 

From 123d to 
127th Street the 
subway structure 
is in filled ground, 
and the subgrade 
is below tide level. 
North from 127th 
Street to 140th 
Street, the east- 
erly side wall and 
most of the track 
floor is in earth, 
while the westerly 
wall in many in- 
stances abuts on 
the 30 to 50-ft 
rock cliffs of 
St. Nicholas Park, 





Hudson River 






% Rockaway Ave 


==o== Local Stations 
=O=— Express Stations 
—= Under Operation 
== Not Equipped for Operation 
~~— Culver Line 

==== Not Yet Built 


Fic. 1. INDEPENDENT, CiTy-OWNED 
Supway System or New York 





354 


From 140th to 160th Street the subway structure is 
. entirely in rock, except for the Polo Grounds Station 
on the Concourse Branch, which is partly in filled 
ground. 

The St. Nicholas Avenue Subway is a part of the four- 
track main trunk line of the new city system. Local 
stations are at 135th Street, at 155th Street, and at the 
Polo Grounds. Express stations are located at 125th 
Street and 145th Street, one mile apart. The 125th 
Street express station is 3'/; miles north of the last ex- 
press station in the midtown zone, that at 59th Street 
and Columbus Circle. 

Between 127th and 140th streets, two tracks, each 
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Fic. 2. Loaprnc DIAGRAM FOR SUBWAY DESIGN 


2,400 ft long, were added to the normal four-track main 
line to provide storage for trains and also to permit short- 
line train operation in case of a tie-up on part of the 
system. North of 140th Street, the four tracks manifold 
into a seven-track double-deck structure, of which the 
upper level contains four tracks serving Washington 
Heights, and the lower level, three tracks serving the 
Bronx via the Concourse Line. 

The building lines on St. Nicholas Avenue are irregu- 
lar because the street reaches Washington Heights by 
rising along the side slopes of a steep hill. Although 
St. Nicholas Avenue follows a general northerly direction, 
there is a total curvature of 86 deg in the subway align- 
ment between 123d and 160th streets. A quarter of 
the subway structure in these two miles is on curves hav- 
ing radii varying from 500 to 3,000 ft. Between 140th 
and 160th streets, a distance of one mile, the tracks are 
on 3 per cent grades except within station limits and at 
crossovers. 

A typical loading diagram for the basic design of the 
subway is given in Fig. 2. From 123d to 127th Street, 
where the floor of the structure is in earth below tide- 
water level, steel I-beams were used in the track floor to 
spread the superimposed loads uniformly on the soil. 
The normal 5-ft spacing between bents was varied at 
124th Street to allow for the diagonal crossing of a trunk 
sewer (Fig. 3), which passes under the subway as an 
inverted siphon, with a storm overflow above the subway. 


LAYOUT OF TRACKS COMPLICATES STRUCTURES 


At 139th Street begins the first of a number of de- 
pressed tracks, which permit splitting the train service 
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of the four-track line from the south between the four- 
track Washington Heights Line and the three-track Con- 
course Line. To provide for the tracks, cross- 
overs, and flexing tracks, which extend for a quarter of 
a mile to 145th Street, an irregular and complicated struc- 
ture was required, varying in design with each bent. 
This called for an unusual amount of detail work in order 
to obtain a design that would be economical and permit 
speedy construction. 

According to usual practice, the curves used for the 
track alignment along St. Nicholas Avenue would have 
required special forms for the roof arches, tapered to suit 
the divergence of the radial bents. Special form work 
was reduced to a minimum by using groups of parallel 
bents with a tapered bay between adjacent groups. 
The standard ted was a tapered bay varying in 
width from 4 ft at the inside side wall to 6 ft at the out- 
side side wall, the number of parallel bents for different 
groups being varied to fit the adopted taper. 

The 145th Street Station is a three-deck structure 
(Fig. 4) with a maximum depth of 65 ft. The lowest 
level consists of three tracks and two island platforms 
for the Concourse Line; the intermediate level, of four 
tracks and two island platforms for the Washington 
Heights Line; and the top level, of a mezzanine extend- 
ing the full length of the station. Within the limits of 
this station, between 145th and 148th streets, the street 
surface rises 20 ft. To avoid an unnecessarily heavy 
backfill on the station roof, the headroom in the mezza- 
nine was progressively increased from 7 ft 6 in. to 10 ft 
0 in., and in addition the mezzanine floor was made to 
slope upward at the north end. This introduced, below 
the mezzanine, a fourth level containing only struts to 
brace the steel frame of the structure. 

On March 24, 1928, the subway structure of the 145th 
Street Station was unexpectedly subjected to a severe 
test. At that time the concrete had been placed to 
within 60 ft of the north end of the station, and part of 
the steel frame for the remainder of the station had been 
erected. The excavation was 65 ft deep and was pro- 
gressing toward the north in what appeared to be sound 
rock. However, when it reached 148th Street a mud 
seam intersecting the side of the cut near the subgrade 
and sloping up toward the east, caused a wedge-shaped 
slide, which widened toward the south. The slide was 
150 ft long along the easterly side of the excavation, 
totaled 2,000 cu yd of rock and overlying earth, and ex- 
tended 20 ft into private property at its southern end. 
This property was vacant except for a small one-story 
store building, which was partly wrecked by the slide. 

Fortunately, the concreted part of the station structure 
had sufficient strength and rigidity to stop the progres- 
sively widening slide by holding the rock in place. This 
caused the sliding rock to rotate about the easterly side 
wall of the completed subway station structure, thereby 
shearing off a triangular shaped block of rock 50 ft 
high and 20 ft wide at the top. The slide stopped just 
short of a group of six and seven-story dwellings on the 
easterly side of St. Nicholas Avenue. In spite of the 
seriousness of the accident, it is gratifying to know that 
a catastrophe was prevented by the completed part of 
the subway structure and that this structure withstood 
momentary stresses that could only be exceeded by those 
due to an earthquake. Between the side wall of the sub- 
way and the face of the bank exposed by the slide, eight 
concrete buttresses were built to brace the rock still in 
place and also to provide support for future buildings. 

North of 149th Street the Washington Heights Line 
is a double-deck structure in which the two local tracks 
are on the upper level and the two express tracks on the 
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lower level. The street surface continues to rise rapidly 
to the north, and although 3 per cent grades were used 
where possible, there was room enough above the track 
roof to construct a mezzanine over the side platform of 
the local station which extends from 153d to 155th Street. 
The rising grade of the street and the high level of the 
rock made tunneling the most economical method 
of construction from 156th Street to 158th Street 
(Fig. 5). From 158th to 166th Street the double-deck 
type of structure was built in cut-and-cover excavation. 


BRANCH FOR THE CONCOURSE LINE 


At the lowest level of the 145th Street Station the 
three tracks of the Concourse Line separate from the 
main line and enter a tunnel 2,000 ft long and from 50 
to 110 ft below the surface of St. Nicholas Place. Some 
of the rock along this tunnel is a disintegrated mica 
schist which resulted in adverse conditions for tunneling. 
The thickness of the concrete tunnel lining was varied 
from 12 in in sound rock to a maximum of 2 ft 6 in. where 
unstable material was encountered. The tunnel passes 
under the abutment wall of the 155th Street Viaduct, 
which is 70 ft high. Here the subway emerges from the 
rock cliffs of St. Nicholas Place into Manhattan Field, 
where open-cut construction was used. 

At the Polo Grounds a side platform station was built 
in an open-cut trench 70 ft wide and from 40 to 45 ft 
deep, the subgrade being 30 ft below the water level. 
The station structure was designed to carry roof loads of 
from 3,500 to 5,000 Ib per sq ft to provide for the support 
of future buildings. A structural steel floor was designed 
for this station to spread the loads uniformly on the 
sand and clay subsoil. 

An open shaft was to be built at the easterly end of the 
Polo Grounds Station for starting the shields of the three 
cast-iron lined tunnels crossing under the Harlem River. 
The bulkhead line of the river is 500 ft east of the shaft 
location. When the excavation reached a level within 
6 ft of the subgrade the bottom began to boil. This 
situation was met temporarily by dumping 1,500 cu yd 
of sand into the shaft to maintain the soil in equilibrium. 

The shaft was 81 by 42 ft in plan and 50 ft deep, the 
bottom being 40 ft below high tide in the Harlem River. 
It was decided to complete the excavation under com- 
pressed air, and this required that the open shaft be 
converted into an air-tight chamber, as shown in Fig. 6. 
A design had to be developed for enclosing the shaft, 
taking into consideration the bracing and sheeting al- 
ready in place, providing for the introduction of shields 
and locks for tunnel operations, and allowing room for 
the building of the permanent subway structure. Thus 
the design involved not merely the final structure but 
also more than usual consideration of the several stages 
of construction. 

Three sides of the shaft were backed by earth, but 
the fourth or westerly side was open because it adjoined 
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the then completed excavation and structure of the sub- 
way station. A concrete wall with steel framing was 
built along the open side of the shaft and was braced to 
the completed station structure. In order to completely 
enclose the shaft, a temporary roof of steel beams was 
provided, capable of carrying sand deposited in a number 





AFTER 2,000 Cu Yp or Rock Hap Sip AGAINST THE PARTIALLY 
CoMPLETED SUBWAY 


On the St. Nicholas Avenue Line 


of bins and weighing 2,300 Ib per sq ft of roof. For the 
support of this heavily loaded roof one hundred 14-in. 
sectional steel shell piles 50 ft long were jacked down to 
20 ft below the final subgrade of the excavation. The 
piles were so placed as to clear the bracing and timbering 
already in place. Each pile was tested to 75 tons, but 
the design load used was 50 tons. As the excavation 
progressed under this roof, the steel sheeting along the 
sides of the original shaft excavation was lined with 
concrete. During the excavation to the subgrade of the 
shaft the maximum air pressure was 12 lb per sq in. 
At the bottom of the shaft a concrete floor was built in 
sections to serve both as a seal and as a construction 
floor. When this floor was completed, timber bents were 
erected on it, extending from the floor to the roof of the 
air chambers. The load of the roof was then transferred 
from the piles to the construction floor through these 
bents, after which the piles were cut off at the top of 
the floor. The removal of the piles provided working 
space in the chamber for assembling the three tunnel 
shields. 

At this stage the compressed air could be dispensed 
with, since the water pressure on the floor was offset by 
the weight of the sand on the roof, transmitted through 
the timber bents. It was then possible to remove 
parts of the roof, and through the openings thus pro- 
vided to lower materials and equipment for the shields 
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Fic. 3. SreHon ror SEWER CROSSING THE ST. NICHOLAS AVENUE LINE AT 124TH STREET 
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into the chamber. When the roof had been replaced, 
tunnel operations for crossing the Harlem River were 
begun under air. On completion of the tunnel, the roof 
of the shaft chamber was dismantled and the subway 
structure within the shaft area was completed in the 
open. 

THE CONCOURSE LINE 


The Concourse Line enters the Borough of the Bronx 
at the southerly end of a rock ridge, called High Bridge 


tion of the line has a length of two miles, a trackage of 
six miles, and was constructed at a cost of $12,000,000. 
Through the River Avenue Station the tracks are on 
curves of 3,000-ft radius in order to absorb part of the 
right-angle turn from 16lst Street into the Concourse. 
Beyond the limits of the station, the rest of the angle is 
turned on curves of 600-ft radius, eased by transitions 
from 200 to 300 ft long. Curves of varying lengths, 
having radii from 1,000 to 5,000 ft, were required to fol- 
low the irregular line of the Concourse. 
From the Harlem River tunnels, the 
Ee per cent upgrade is continued past 
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Hill, lying along the east shore of the Harlem River. 
This ridge begins at 160th Street and extends north to 
Van Cortlandt Park, and through it to the northerly 
boundary of the city. The Grand Concourse, which 
follows the crest of a parallel ridge a half mile to the 
east, has a total width of 182 ft and three roadways, the 
center one 60 ft wide, and has become a super-highway 
for through automobile traffic. It is separated from 
important crosstown thoroughfares by underpasses. 

In locating the Harlem River tunnels of the Concourse 
Line, it was decided to avoid as much as possible the 
filled-in ground of Cromwell Creek, which at one time 
drained the valley between the two ridges. This was 
accomplished by placing the river tunnels north of what 
would have been a direct line from Manhattan to the 
Bronx. A further advantage of this location was that 
the river tunnels could be terminated in the sound rock 
of High Bridge Hill. The subway crosses the former bed 
of Cromwell Creek between Jerome and River avenues, 
where ground water was encountered, as the subgrade is 
in clay and silt below tide level. East of River Avenue, 
the subway rises above tide level and is in firm ground 
for several hundred feet, after which rock is encountered. 
Thus, within the limits of the subway station at River 
Avenue, three different soil conditions—silt-and-clay 
mud, firm soil, and rock—had to be considered in the 
design. Along the Concourse the subway is in rock, ex- 
cept in the vicinity of 174th Street, where in order to 
cross a valley the roadway of the Concourse is on fill 
between retaining walls 60 ft high. 

The Concourse Line has three tracks, the center one 
for express service, which is southbound in the morning 
and northbound in the evening. On the part of the line 
described, there are four local stations, one at 16lst 
Street and River Avenue and three along the Concourse, 
at 167th, 170th, and 175th streets. Judged by the 
numbers of the streets, these stations seem to be close to- 
gether, but they are actually 2,500 ft apart. This sec- 


Fic. 4. Cross Section THorovucn THree-Story SuBpway STATION 
AT 145TH STREET AND St. NICHOLAS AVENUE 








To a large extent the planning of 
the Concourse Line was influenced by 
highway undercrossings at ten impor- 
tant crosstown thoroughfares. Each of these undercross- 
ings presented a three-level grade-separation problem, 
the topmost level being occupied by the Concourse, the 
second or third level by the subway, depending on local 
conditions, and the remaining level by the underpass. 
Five of these underpasses occur between l6lst and 
175th streets. 

In order to permit the subway to cross over the 167th 
Street underpass, the steel frame and concrete structure 
of the underpass was removed, the grade was lowered a 
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Fic. 5. Dovusie-Deckep TUNNEL AT 157TH STREET 
On the St. Nicholas Avenue Line 


Vou. 4, No. 7 
maximum of 25 ft, and the structure was rebuilt, except 
for the retaining walls of the west approach. These 
walls were underpinned to the new subgrade in a series 
of pits 4 ft long. A station for surface cars, with two 
island platforms, each 100 ft long and 8 ft wide, was in- 
corporated in the reconstructed un- 
derpass for the convenient transfer 
of passengers from the surface cars 
to the subway. Although the new 
roadway of the 167th Street under- 
pass is 50 ft below the Concourse, it 
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from the two island platforms of the surface-car station 
and from the sidewalks of the highway underpass be- 
low the subway. The controls on the mezzanine are 
arranged so that pedestrians can avoid the vehicular 
traffic on the Concourse by passing under it and through 
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was possible to provide gravity 
drainage by building 900 ft of sewer 
to Grand Avenue. This saved the 
cost of installing and operating 
pumping equipment. 

To bring the 170th Street under- 
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pass below the subway station at 








that point the underpass was low- 
ered 16 ft. It was possible to plan 
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the subway structure so that most 
of the former roof of the underpass 
could be retained as part of the roof 
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of the subway station. The expense A scars 
of shoring the old roof during ex- TWh 7 
cavation was warranted, as this 58.2 
saved the cost of removing it and 
of replacing it by new steel and con- 
crete. At the center of the under- 
pass the roadway was widened so that buses or other 
vehicles can stop for subway passengers without block- 
ing through traffic. Stairs from the underpass, terminat- 
ing in the public area of the station, will give bus passen- 
gers and pedestrians direct access either to the subway 
station or to the sidewalks of the Concourse. 

At 174th Street the roadway of the underpass is 35 
ft below the Concourse and intersects it at an angle of 
45 deg. Here the roadway was retained at its origi- 
nal grade, but the headroom was reduced to 14 ft. The 
original underpass structure was a concrete arch, part 
of which was removed for the construction of the subway. 
The subway structure and the Concourse loads above it 
are carried across the underpass by four Pratt trusses. 

To permit the construction of the subway through the 
underpass at 175th Street, the brick arched roof of the 
underpass was removed in part. Since the roadway of 
the underpass was 45 ft below the surface of the Concourse, 
it was possible to retain the underpass at its original 
grade and to carry the subway structure through it on 
girders. The subway station, extending from 174th 
to 175th Street, has entrances from the sidewalks of the 
underpasses at both of these streets. 

Plans for the underpasses were developed in coopera- 
tion with the engineers of the Borough of the Bronx and 
of the Third Avenue Railway Company in order to meet 
the conditions created by the combination of subway, 
highway, and street railway transportation. 





SUBWAY STATION SPECIALLY DESIGNED FOR HEAVY 
TRAFFIC 


At the 16lst Street and River Avenue Station, special 
provisions were made to handle the heavy traffic which 
occasionally comes from the Yankee Stadium, where 
80,000 people congregate at times. Space for a large 
number of turnstiles was provided on the mezzanine, 
and the station platforms were made 4 ft wider for part 
of their length so that such crowds could be handled 
expeditiously. 

At the 167th Street subway station, in addition to the 
usual street entrances, provisions were made for access 


(d) SHIELDS FOR RIVER 
TUNNELS 
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(e) COMPLETED SUBWAY 


the public area of the subway station mezzanine. 

From the easterly end of the River Avenue Station to 
165th Street, for a distance of 1,600 ft, a three-track con- 
crete-lined tunnel was built. Except for this tunnel and 
the Harlem River Crossing, the three-track subway struc- 
ture of the Concourse Line consists of steel bents on 5-ft 
centers with concrete jack arches between them. 

All the work here described is part of the New York 
City Independent Subway System, which was planned 
as the initial step of a coordinated, city-wide development 
of passenger transportation facilities, intended to initi- 
ate an orderly and continuing expansion of subway trans- 
portation facilities. With the rapid transit routes of the 
city augmented by the building of this 55-mile system, it 
was expected that subway construction could go for- 
ward continuously so as to anticipate traffic require- 
ments, to aid in the development of a logical city plan, 
and to replace obsolete means of transportation by 
modern rapid transit subways suited to the needs of a 
growing metropolis. The vastness of the city’s urban 
transportation problem can be visualized from the popu- 
lation growth, which in the three decades between 1900 
and 1930 increased from 31/2 million to 7 million, al- 
though New York City’s area of 320 sq miles was not 
enlarged during that time. 

The Independent System was built and is being oper- 
ated by the Board of Transportation of the City of New 
York. Chairman John H. Delaney and Commissioners 
Daniel L. Ryan and Francis X. Sullivan comprised the 
Board of Transportation up to December 1933, when 
Commissioner Ryan retired and was succeeded by 
Charles V. Halley. The plans were prepared under the 
direction of Robert Ridgway, Past-President and Hon. 
M. Am. Soc. C.E., Chief Engineer (since retired), and 
A. I. Raisman, M. Am. Soc. C.E., Chief Designing 
Engineer of the Board of Transportation. The several 
divisions of the Engineering Department engaged in the 
planning and construction of these subways were in 
charge of the following Division Engineers: C. E. 
Conover, John H. Myers, J. B. Snow, and George L. 
Lucas, Members Am. Soc. C.E. 





Improving the Liao River 
Manchurian Stream Diverted by a Stoney-Gate Weir, and 


Banks Protected by Mattresses 


By Bunx«icut Oxazaki 


Member AMERICAN Society or Crvit ENGINEERS 
Executive Curer Encrneer, Upper Liao River Conservancy Boarp, 


NeEwcHwaNnc, MANCHURIA 


NE of the largest rivers of 
China (Fig. 1) and an impor- 
tant commercial waterway of 

southern Manchuria is the Liao 
River, which drains an area of 
100,000 square miles. It empties 
into the Gulf of Pohai, near the 
port of Yingkow. In 1889 the 
river cut for itself a shorter channel 
from Tangchiawopu to the gulf, as 
shown in Fig. 2, probably with some 
artificial aid by the local people. 
The new route, called the Shuangtaitzu Channel, has 
since carried the greater part of the water of the Liao 
River. Since the break occurred the new channel has 
become considerably larger because of its shorter route 
and steeper gradient. In the long and tortuous course 
of the original river in the first 24 miles below the 
break, from Tangchiawopu to Sanchaho, there is a hard 
bottom which resists erosion. At low stages there has 
been insufficient water to make this section navigable. 
By 1924, villages had so encroached on this section of 
the river that it was little more than a ditch, and its 
rehabilitation seemed out of the question. At Sanchaho, 
meaning “three river forks,” the Liao is joined by the 
Hun and the Taitzu rivers. The water added by these 
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N southern Manchuria (Manchukuo), 
the Liao River Conservancy Board is 
undertaking the improvement of the river 
of dat used in fetal tamieniion. 
The work so far completed includes a 
huge diversion weir and lock and a new 
river channel 14 miles long. This chan- 
nel, which has a capacity of about 
12,000 cu ft per sec and provides 7*/s ft 
of water at low stage, required 2°/, 
million cubic yards of excavation. The 
_ necessity of building the weir on a foun- 
dation of fine, silty material led the en- 
_ gtmeers to support the structure on 
wooden piling protected against under- 
leakage with three rows of sheet piles 
driven to clay. Above and below the 
weir the river channel is paved with a 
flexible mattress made of precast con- 
crete blocks strung on cabl.s—a type of 
channel protection that has been in suc- 
cessful use in Japan for nearly 25 years. 


CoMPLETED WEIR AND Lock 


tributaries, together with the effect of the tides, renders 
the reach from Sanchaho to the gulf fairly navigable. 
The Liao River Conservancy Board is an international 
body organized to improve the Liao River. Under iny 
direction a stoney-gate weir and lock were built across the 
Shuangtaitzu chan- 
nel at Erhtaochiao 
to divert a part of 
the flow into a new 
canal, nearly 14 
miles long, which by- 
passes the hard-bot- * 
tomed and narrow 
section of the upper 
Liao. The canal, 
which extends to 
Chiashintzu, follows 
the route marked 
“Line A” in Fig. 2. 
With a bottom 
width of 60 ft and a 
depth below low 
water of 7'/, ft, the 
new canal has a ca- 
pacity of 2,600 cu ft 
per sec at low water 
and 11,600 cu ft per 
sec at maximum 
flood stage. At Erhtaochiao a maximum flood stage of 
117.3 ft was recorded during the summer of 1921. At 
this stage, the flow of the Liao above Tangchiawopu 
was calculated to be 50,000 cu ft per sec, of which 
30,000 cu ft per sec would pass down the Shuangtaitzu 
channel and 8,000 cu ft per sec down the old Liao River 
channel. The side slopes of the new cut are 1 on 2; the 
distance between the new embankments on the inside 
is 800 ft; and the total excavation is 2,750,000 cu yd. 
A short distance downstream from the inlet to the 
new canal, a weir across the entire width of the Shuang- 
taitzu Channel was completed in 1929. When closed, 
its seven sluice gates, of the stoney type, each 37.5 ft 
wide and 12 ft high, will raise the surface of the river 
4'/, ft above its normal level. The floor of the weir is 
flush with the river bottom. 
Enormous quantities of silt, amounting to 2 per cent 
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Fic. 2. Location oF IMPROVEMENT 
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Fic. 3. GENERAL PLAN AND UPSTREAM ELEVATION OF WEIR 
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GENERAL PLAN 


by weight, are carried by the river. To prevent the de- 
position of silt in the new canal or in the channel below 
the weir, and to scour out the silt that has been de- 
posited, the water surface at the weir is periodically 
raised by lowering the gates to increase the gradient and 
the velocity of flow. The gates also provide the means 
of dividing the water between the old river channel and 
the new canal. When they are raised above the highest 
known high-water level the weir does not appreciably 
contract the river section. 

A lock 80 ft long and 18 ft wide has been built along- 
side the weir to allow junks to pass up and down the 
Shuangtaitzu Channel at any stage of the river. De- 
tails of the design of the weir and lock are given in Figs. 
3 and 5, and the completed structure is also shown. 

Before construction was started, the river was di- 
verted around the weir. Because of the character of 
the material on which the weir 
is built, a very fine sand, the 
design was predicated on a 
seepage coefficient of 18. Three 
rows of concrete sheet piles, 20 
ft long, were driven across the 
structure to hard clay to cut 
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/ Commune Otte off underflow. The grooves be- 
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walls thoroughly water-tight. 
The walls of the weir and lock, 
and the floor of the lock rest on 
piles. The concrete floor of the 
weir, 2 to 4 ft thick, rests di- 
rectly on the sandy river bottom and is provided 
with no artificial support. 

To provide a solid platform from which to operate 
the equipment for driving the piles for the walls of the 
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ELEVATION FROM UPSTREAM 


ment and guide wall, grout pipes 1 in. in diameter were 
cemented into holes cut through the floor. The spac- 
ing between the pipes was about 20 ft in each direc- 
tion. Ground-water level was drawn down to the bot- 
tom of the slab before new concrete was placed in the 
cracks. After the concrete had thoroughly set, grout 
under a pressure of 100 Ib per sq in. was forced to 
refusal into 18 of the holes, or until it rose in adjacent 
pipes. In all, 480 cu ft of grout was used. 

In 1909 I developed a type of flexible ferro-concrete 
mattress for use in Japan. An improvement of this 
type was adopted for protecting the weir structure on the 
Liao from undermining and the banks adjacent to it 
from erosion. Above and below the weir, the bottom of 
the channel was paved with riprap stones about a cubic 
foot in size and the side slopes were covered with willow 
fascines. On top of the riprap and the willow fascine 
mats a continuous mattress of precast concrete blocks 
was laid, strung on steel cables like beads on thread 
(Fig. 4). The blocks are placed horizontally, end to 
end, and the joints are staggered. The cables run across 
the stream and up the bank, passing through the left 
hole of one block, then through the right hole of the next 
block, thus forming a continuous fabric of blocks. As 
scouring takes place, the blocks settle to conform to the 
shape of the new bank or bottom. Increased flexibility 
of the concrete mattress was obtained by casting the 
blocks with a hexagonal cross section (Fig. 4). Each 
block is about 6 by 24 in. in plan and 6'/2 in. thick. 
Metal molds, with hinged sides so that the block can be 
released without damage after tamping, were used for 
casting the blocks. In all, 21,700 sq yd of flexible mat- 
tress was built and laid. 

All the’ work described was performed for the Liao 
River Conservancy Board for a contract sum of $1,277,500, 
Mexican money, 









































































































































weir and lock, the contractor poured the floor of the during the 
structure first. By the time the excavation for the walls period from ‘S*~wy~Jj Concrete Countertstance 
was finished and the driving of the piles was completed, 1924 to 1929. 
the concrete floor had settled in an — 
irregular manner and had seriously High Water Level 117.35 . 
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and then filled with well-tamped 
concrete. Beginning 2 ft from 
the foundation of each lock abut- 
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Arc Welding tor Bridge Construction 


Progress in the Art Reviewed and Means of Securing Maximum Safety and Economy Discussed 


By LaMorre Grover 


Associate MemBer AMERICAN Society or Crvit ENGINEERS 
Orrice Bripce Enorneer, State Highway Commission, Topeka, Kans. 


RC welding is the most impor- 
tant development that has 
taken place for many years in 

the steel construction industry. Its 
use in the construction of storage 
and processing tanks, boilers, 
piping, naval vessels, boats and 
barges, vehicle frames and bodies, 
machinery, and other products has 
advanced rapidly during the last 
fifteen years. The progress in its 
application to structural engineer- 
ing also has been rapid, although 
less spectacular. The arc-welding 
process has been used for the con- 
struction of new steel bridges quite 
widely in foreign countries but 
seems to have been regarded with 
indifference by most of the struc- 
tural engineers of America, who 
have been content, for the most 
part, to delegate all judgment re- 
garding the procedure of welding 
to the foreman of the welding 


i io T welding 1s rapidly becoming 
established in the United States 
as a safe and economical method of 
construction for bridges and other struc- 
tures ts indicated by the increasing 
number of municipalities that are re- 
vising their building codes to provide for 
its use and by the number of states 
which are building, repairing, and 
strengthening their bridges by this means. 
The first all-welded bridges to be built 
in the United States were completed in 
1928—a 55-ft plate-girder structure in 
East Pittsburgh, Pa., and a skew truss 
at Chicopee Falls, Mass. European 
engineers have utilized welding for some 
notable spans, including a 161-ft highway 
truss in Czechoslovakia and a 150-ft 
railway bridge in Russia. Thts article, 
originally presented before the Kansas 
State Section on March 17, 1934, con- 
tains the results of Mr. Grover’s intensive 
study of the best practices in the art. 


specified as an alternative, with pro- 
visions for riveted details or for cast 
steel in the case of bearing devices 
and rockers. These applications 
have included the flange reinforce- 
ment of some 33-in. rolled floor 
beams in new bridge construction 
and the shop welding of stiffeners, 
floor expansion devices, cantilever 
brackets, hand rails, and diaphragm 
connections of rolled beam spans. 
In this way the department has been 
attempting to gain experience grad- 
ually, to train its organization, re- 
move prejudice, and establish a 
standard of quality among fabrica- 
tors, all looking toward a more ex- 
tensive use of welding. 

In order to gain further experience 
in the application of welding to 
bridge construction, the state high- 
way commissions of both Kansas 
and Missouri have recently built all- 
welded girders at the shop of the 





shop, who is often a man of no engineering or technical 
training. 

Recent interest and activity indicate that American 
structural engineers are finally awakening to the fact 
that welding has been developed into a dependable 
and economical method of making joints and connections 
in steel structures, and further, that it must be applied 
under proper engineering control if it is to be used with 
safety, which is predicated only upon the application 
of the available knowledge of correct design and proper 
control of procedure. Tests by the American Bureau 
of Welding of specimens made with bare-wire electrodes 
showed that with reasonable control, results do not vary 
more than 12 per cent from the average for a given type 
of joint. By the use of heavily flux-coated or covered 
electrodes, the limits of variation have been reduced to 
about one-half this amount. Throughout this article 
the term ‘‘covered electrode’ is used to designate 
all types of heavily flux-coated or covered electrodes 
which provide protection to the arc stream, the de- 
posited weld metal, and the adjacent base metal. 

Welded connections present less surface area to corro- 
sion and are therefore more durable than riveted or 
bolted joints. They have the advantage of utilizing 
the full cross section of members and of reducing the 
amount of expensive handling of material through the 
various fabricating processes in the shop. For homo- 
geneous, one-piece, jointless construction, welded struc- 
tures approach the ideal. 

In Kansas the bridge department of the State High- 
way Commission has for some time provided for and 
encouraged a steadily increasing use of welding for com- 
paratively minor connections and details in new con- 
struction and also for the strengthening, repairing, and 
widening of existing structures. Often welding has been 


Kansas City Structural Steel Company and have tested 
them to destruction. These girders were composed of 
12 by 1-in. flange plates with butt-welded splices and 
54 by '/s-in. web plates, and were 27 ft 1 in. each in 
length. In the Kansas girder half the edges adjacent 
to the welded joints were planed or machined and the 
other half were flame cut. Intermittent fillet welds 
were used for some joints in order to induce high stresses. 
Also, a number of auxiliary tests were conducted to aid in 
determining the behavior of the welded joints and con- 
nections. There were no evidences of distress in any of 





Courtesy A. G. Bissell 
ALL-WELDED PLATE-GIRDER Rart_way Bripce, Burtt at East 
PITTSBURGH IN 1928 
For Westinghouse Electric and Manufacturing Company 


the welds. As soon as the results of these tests have 
been studied and interpreted, they will be made available 
to those who are interested. 

A number of outstanding all-welded bridges are listed 
in Table I. In Russia a number of all-welded railway 
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bridges have been fabricated, including girder and truss 
spans, one of 150-ft length. The Soviet Government has 
conducted a number of tests of welding and is building 
a 150-ft span for testing welded connections. 


GENERAL FEATURES OF DESIGN 


Naturally, the first tendency in designing welded 
connections is to adhere too closely to the types that 
have been commonly used for riveted construction. 
It cannot be too much stressed that safety as well as 
economy demands thorough familiarity on the part of 
the engineer with the fundamentals of the design and 
construction of welded connections, their possibilities 
and present limitations. 

Care must be exercised in designing structures con- 
taining both riveted and welded connections. If both 
welds and rivets are used in the same joint, the stresses 
will not be distributed to the rivets according to the 
usual assumptions because of the greater rigidity of 
the welds. If some of the fabricating or handling 
operations involved in the riveted construction of heavy 
material are not eliminated, the cost of the shop work 
may be great enough to offset the saving in material 
that can be effected in the members and their connec- 
tions by means of welding. 

One of the most attractive means of securing economy 
in bridge construction is the use of welded built-up 
plate girders in place of riveted girders or rolled beams, 
because the saving in material is very great and the 
number of pieces handled is much reduced. Alternative 
designs were prepared recently by the State Highway 
Commission of Kansas for a 1,220-ft deck-girder viaduct 
with a 40-ft roadway and one 5-ft sidewalk. The 
welded design indicated a saving of 271 tons of steel, 
or 24 per cent of the 1,136 tons required for riveted 
construction. This included a saving of 75 tons, or 35 
per cent in six spans, for which rolled beam girders were 
provided in the riveted alternative. 

The two most important and distinctive character- 
istics of welded connections, which must be borne con- 
stantly in mind, are their rigidity and the presence of 
residual stresses caused by the heat of welding. The 
reason for their greater rigidity is that there is no slip 
to help equalize stresses. This equalization must all be 
accomplished by deformation in both the base metal and 
the weld metal, a fact which indicates the advantage 
of ductility and toughness in the weld metal and also 
that of designing for good stress distribution. 

Designers should provide symmetry and avoid condi- 


TABLE I. Some OUTSTANDING ALL-WELDED BRIDGES 


in the use of butt welds may be expected with the use of 
covered electrodes, because butt welds form the ideal 
joint for good stress distribution. 

Where a choice between end-fillet and side-fillet welds 
is possible, the former are preferable because they are 
from 25 to 30 per cent stronger. A combination of 
end- and side-fillet welds, usually of comparatively small 
size and placed to completely encircle the connection, 
or at least along both sides and the end farthest from the 
joint, is undoubtedly the best practice. If more welding 
is required for this than is necessary for strength re- 
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Courtesy General Electric Company 


Arc-WELDED STRUCTURAL STEEL Viapuct, 1,380 Fr LonG, on 
ROUTE TO YOSEMITE VALLEY, CALIFORNIA 


quirements, its use can be justified as a protection from 
corrosion in unprotected outside structures, such as 
bridges. With the use of covered electrodes, continuous 
single-run fillet welds in the smaller sizes, such as 
3/1, and '/, in., are found to be more economical than 
intermittent welds of larger size. In any case, welds should 
be continued around corners to avoid abrupt change in 
section at points of maximum stress concentration. 

In designing the details of welded connections, pro- 
vision must be made for cleats or clip angles temporarily 
tacked in place, or other means of assuring the proper 
erection and alignment of members until they are welded. 
Such devices promote economy by eliminating extra 
handling of heavy parts or members, which would be 
necessary if holes were punched in the main members for 
use as guides during erection; they also permit the full 
cross sections of the main members to be effective. 
Enough details for preparation of the material and 
for the procedure of welding must be definitely specified 
to provide for the proper construction of the joints. 

Studies and experiments have conclusively demon- 
strated the importance of avoiding notch effects, sharp 

corners, and abrupt changes in sec- 


sidieiaitedaes tion in order to prevent highly local- 


DaTE LOCATION Use Tyre SPAN STEEL ized stress. There is little doubt 
1927-1928 Chicopee Falls, Mass. Railway Truss 135 ft 80 tons that the reinforcement and exces- 
1928 East Pittsburgh, Pa. Railway Plate-girder 55 ft ; re ee ein 
1929 Lowicz, Poland Highway Truss 89 ft +5 tons sive convexity commonly required 
1930 Leuk, Switzerland Highway Truss 122 ft 37 tons by some specifications have actually 
1931 Pizen, Czechoslovakia Highway Truss 161 ft 145 tons . 2 
1932 Merced, Calif. Highway Steel beam {31 at 40 ft weakened joints rather than 

yy } sae = strengthened them, especially when 
they would be required to with- 
1933 Dresden, Germany Highway and tram- { 13 at 72 to 86 ft y . d os d 
way Plate-girder ' Total, 1,040 ft 431 tons stand impact or repeated stresses. 


tions that will cause warping or create residual stresses 
due to shrinkage in cooling, especially those acting in the 
same direction as the principal load stresses. This 
consideration is most important in details that will be 
subjected to impact or shock. 

Fillet welds are most commonly used in structural 
work. Butt welds have been avoided by many structural 
designers in this country because it has been found that 
the weld metal from bare-wire electrodes is not well 
adapted to resist shock or repeated stress. An increase 


Details should always be arranged 
so that the operator can see his work and hold the 
electrode in the proper position. 

A mistake likely to be made in designing the details 
of some kinds of joints is to provide merely the amount 
of welding indicated by dividing the total stress by the 
unit stress; and to investigate no further, although the 
critical section may exist in the base metal. 

Unless the fabricating shop is specially equipped for 
cutting to exact length, the direct welding together of 
parts of main members, instead of providing connections, 
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is not usually found to be economical, except possibly 
at one end of a member. 

Most of the provisions of standard specifications are 
based on the characteristics of welds produced with bare- 
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REMODELING AND WIDENING UNIVERSITY BASCULE BRIDGE AT SEATTLE, WASH. 
Welded Brackets and Stringers for Outer Roadway; One Leaf 


Raised to Show Welded Roadway Brackets 


wire electrodes. Surely a considerable increase in the 
commonly accepted working stresses is justified solely 
by the 20 to 50 per cent increase in tensile strength 
and the 100 to 200 per cent increase in ductility produced 
by covered electrodes, without taking into account other 
characteristics which also have been greatly improved. 


IMPROVED RESULTS WITH COVERED ELECTRODES 


If the working stresses for welds in bridges are held 
rather low until more experience is gained, it is very 
important to provide some means of automatically 
raising them as uncertainty and lack of uniformity are 
overcome. This could be accomplished by adopting 
working stresses expressed as a percentage of certain 
characteristics of welded joints, to be determined from 
tests of standard types of specimens. 

In order to illustrate the improved characteristics of 
weld metal deposited with covered electrodes according 
to the most modern procedure, in 
Table II some typical comparisons 
are given between such weld metal, 
mild rolled structural steel, and 


are-wire elec > Covergep-E._ectrope Mito Rottep Wasnep-ELectrope 
bare-wire electrode weld metal. CHmaARACTERISTICS at 70 F Wetpv Mera. STEEL Wetp Mera. ‘ 
Improved characteristics of Weld — Ucimate tensile strength (Ib per sq in.) 65,000-85,000 35 ,000-65 ,000 40,000-50,000 . 
metal deposited with covered elec- Yield point (Ib persqin.) ......... 50,000-55,000 30,000-35,000 30,000-32,000 : 
-” . . 7 Elongation (percentage in 2im.) ...... 20-30 22-30 5-10 
trodes are partly due to the ex Reduction in area (percentage) s Wikow 35-50 30-50 2-5 
clusion of the oxygen and nitrogen Impact values, Chapry (ft-lb) 30-35 26-30 5-13 
of the atmosphere, which cause a Impact values, Izod (ft-Ib) . > we +s 45-80 40-80 8-15 
‘ . : . Endurance value, ten million reversals with- 
lack of uniformity in the composi- out failure (Ib per sq in.) | 28,000-30,000 26,000-28,000 12,000-16,000 
tion of the deposited weld metal Average range ks pty nye —- 
3 P ee ma : (graim growth) in area adjacent to fusion 
and an excessive loss of alloying ion thames? . se - .. $,000-8,000 for 
ingredients and form impurities slag-shielded and 
or : an 8,000-25,000 for 
appearing in the form of slag in ——— 10,000-85,000 
clusions and gas pockets. They Charpy tension impact values (ft-Ib)t SR es 393-460 


are also due in part to the fact 
that a heavy slag covering is de- 
posited over the weld metal, 
further protecting it and the adjacent base metal 
from atmospheric contamination, annealing them, and 
keeping the metal in a plastic condition long enough 
to allow impurities to escape with the aid of the flux 
incorporated in the covering and long enough to per- 
mit residual stresses to be relieved. Covered-electrode 
weld metal is much more resistant to corrosion than 
bare-wire weld metal, being equal to mild steel in this 
respect, as shown by various kinds of accelerated corro- 
sion tests, some made under stresses above the elastic 
limit to indicate resistance to intergranular corrosion. 
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Another advantage obtained when proper procedure 
is followed in welding with covered electrodes is that the 
base metal undergoes very little, if any damage, such as 
embrittlement. This becomes of more importance as the 
strength and ductility of the welds 
approach or exceed the strength and 
ductility of the base metal. 


MATERIALS, ELECTRODES, AND 
EQUIPMENT 


Materials not produced under speci- 
fications that have been recognized 
to ensure good weldability should be 
carefully investigated. It is hardly 
possible, however, that poor weld- 
ability will be encountered in mild 
structural steel or cast steel con- 
forming to the standard specifica- 
tions of the American Society for 
Testing Materials. 

The protection afforded by the 
covered electrode may be provided 
solely by means of a slag—preferably of low specific 
gravity, low surface tension, and low thermal con- 
ductivity—-which forms as the coating or covering of 
the electrode melts, and which envelops the drops of 
molten metal, protects them from the air as they pass 
across the arc stream, and then forms a full protective 
and annealing covering over the weld. Or the protection 
may be provided partly by the creation of a flow of 
inert or reducing gases, which envelop the arc stream and 
protect it. In most cases the covering extends slightly 
beyond the metal core of the electrode in the form of a 
small inverted crucible which confines the heat of the 
arc and further protects the vaporized metal at this point. 

Inasmuch as the characteristics of welds may be con- 
trolled in a number of different ways, by varying the 
composition of both the electrode core and its flux 
covering, it is not practical to specify definitely the 
chemical composition of electrodes in writing structural 


TABLE II. CHARACTERISTICS OF VARIOUS WELD MetTALs COMPARED 


witH Mi_p ROLLED STEEL 
Bare-WIRE oR 


* Laboratory of J. D. Adams Manufacturing Company. 
t Watertown Arsenal tests of butt-welded joints, 5/s by '/: in. in least cross section. 


welding specifications. Satisfactory electrodes can be 
assured by specifying the minimum requirements for the 
physical characteristics of the deposited weld metal 
and welded joints and by indicating the general type and 
size of electrode. The greatest difficulty that is likely 
to be encountered in providing for suitable equipment 
is to prevent the use of the older type of welding ma- 
chines, which were designed solely for bare-wire elec- 
trodes. 

Although the procedure for bare-wire welding has 
been quite well standardized, that for welding with 
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covered electrodes must vary somewhat according 
to types and makes of electrodes. A number of special 
and unusual procedures have been developed by various 
manufacturers and recommended for use with their 
particular makes of electrodes. Some of these procedures 
are not recommended for first-class welding. Also, it 
may be found that some such procedures require special 
skill and care on the part of the operator. There are 
two viewpoints with regard to proper procedure. The 
first is that the procedure may be varied, depending on 
the quality of weld desired, which must be consistent 
with the strength requirements of the joint. The second 
is, more or less, that a weld is either good or bad—or at 
least questionable—and that no reliable control is 
possible unless the best procedure is strictly followed in 
all cases. 

Some welding technicians favor the use of large 
electrodes, such as the °/i. and */s-in. sizes, and of high 
currents for making large-size welds, except where 
smaller electrodes are necessary for penetration in the 
roots of welds and for vertical and overhead work. Their 
experience and tests indicate that less porosity and slag 
inclusion occur with such procedure. They also find 
that when smaller electrodes, such as '/s and °/3:-in. 
sizes, and lower currents are used throughout, the weld 
metal is chilled too rapidly and congeals before full 
shrinkage in it and in the comparatively slow-cooling 
adjacent base metal can be offset by creep in the fusion 
metal. Consequently, higher residual stresses and grain 
growth occur. 

OPINIONS DIFFER 


According to the experience of others, the use of large 
electrodes and high currents tends to cause a coarse- 
grained structure in the adjacent base metal, and the 
layers or deposits made with such a procedure are too 
thick to permit thorough annealing of the weld metal 
and the adjacent base metal by 
the subsequent deposits and by 
the slag blanket. A_  coarse- 
grained structure causes a de- 
crease in strength, ductility, 
toughness, and endurance—all 
of which are essential in bridge 
connections—and indicates the 
presence of residual stresses. Al- 
so, it is claimed that smaller de- 
posits present a better opportu- 
nity for inspection by the operator 
to make sure that he is getting 
complete penetration and thor- 
ough fusion along all surfaces. 
For these reasons, some tech- 
nicians favor the use of lower 
currents and smaller electrodes, 
none over */ i in. 

This difference of opinion is no 
doubt largely due to the fact 
that each one has drawn broad 
conclusions from experience with 
a limited number of types of elec- 
trodes, kinds of work, and tech- 
niques of welding. The heat- 
dissipating capacity of the work 
under various welding proce- 
dures is an important factor. A 


the two extremes of procedure 


practice. Ofcourse due allowance 
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must be made by the designer for variations that may be 
necessary with different types of electrodes and kinds of 
work. 

There is little difference of opinion regarding the pro- 
cedures for single-run fillet welds in the flat position, 





Courtesy Quasi- Arc Company, Ltd 
ALL-WELDED BILLINGHAM BeEcK BRIDGE, MIDDLESBOROUGH, 
ENGLAND 
Fillet Welds of */;. and '/, In. Used 


which comprise about 90 per cent or more of the welding 
required on a bridge structure. Undue conservatism 
should not be permitted to hamper the economic develop- 
ment of the welding process, but the best practices can 
be employed at the most vital points in a bridge, such as 
butt-welded girder flange splices, without appreciably 
affecting the economy of the whole structure. 

Welding should be done in the flat position whenever 
possible because less skill is required and much more 
speed can be attained. Also, greater strength and duc- 
tility can be expected of flat welds, both because the 
electrodes used for vertical and overhead work carry a 
lighter coating, which provides less protection and 
annealing action, and because 
the metallurgical characteristics 
of the wire are changed to re- 
duce surface tension and lower 
the congealing point, all of which 
necessitate some sacrifice of 
strength and ductility. In mul- 
tiple-run welds, each run must 
be allowed to cool and the slag 
covering thoroughly removed 
before the next run is made. 

Joints should be welded in 
such sequence that the members 
will be free to expand as the 
work progresses, and the deposi- 
tion of the weld metal should be 
balanced and distributed during 
the welding operation in order to 
reduce distortion and shrinkage 
stresses to a minimum. The re- 
lief of shrinkage stresses by heat 
treatment can be accomplished 
to a limited extent in some types 
of welded products, but this pro- 
cedure is impractical for bridge 
structures. It is doubtful whether 
true annealing (at temperatures 
above 1,650 F), to correct grain 
growth and locked-up stresses, 
can be accomplished with reli- 
ability in any fieid of practical 
production. However, it is pos- 
sible to eliminate the need for 
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these operations by using the correct welding procedure. 

Gas cutting is almost indispensable to the fabricator 
of welded structures. When performed by skilled 
operators and with up-to-date equipment, it is surely 
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an acceptable process for preparing mild or structural 
steel material for welded joints. Where gas-cut sur- 
faces are to be fused to weld metal, it should be required 
that they be cleaned to remove the oxidized film. This 
can be done best with power-driven wire brushes. 


INSPECTION AND QUALIFICATION TESTS 


Since so much depends on the skill, experience, and 
judgment of the welding operators, a great deal of careful 
attention is merited in making provisions for competent 
operators and inspectors. A good inspector can de- 
termine for the most part whether or not an operator is 
competent merely by observing his technique and ex- 
amining the welds as they are being made. Thorough 
prequalification tests are advisable, however, to supply 
documentary evidence as to whether or not an operator 
is competent 

Before operators are allowed to weld important joints 
and connections they should be required to qualify as 
prescribed in the stringent Boiler construction Code of 
the American Society of Mechanical Engineers. Con- 
siderations of dependability, which are so important in 
bridge construction, probably justify this additional ex- 
pense and trouble. Suitable qualification tests for 
electrodes are described in the ““Tentative Specifications 
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for Filler Metal for Use in Fusion Welding,’ of June 1, 
1933, published by the American Welding Society. In 
the case of bridge welding, it is desirable to supplement 
these by tests for impact and fatigue of deposited weld 
metal and perhaps by tension impact tests of welded 
joints. 

Specificially, progress in structural welding lies in the 
hands of the engineers who design and build structures. 
Until they make a thorough study of the details and 
fundamentals of this type of construction and begin to 
apply them in actual use, they can expect further prog- 
ress in welding as applied to bridges and structures to be 
very slow. It is significant that those who are preju- 
diced against the use of welding are almost invariably 
those who know practically nothing about the process 
or the results of its proper application. Usually they 
are not reluctant to predict that ‘it has a great future.”’ 
This ‘‘future,’’ and the resulting increase in the efficiency 
of steel construction, will never be attained by a policy 
of laissez-faire. 
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Heat of Hydration of Cements for Boulder Dam 


Methods and Apparatus Used in Tests Conducted by the U.S. Bureau of Reclamation 


By Tuomas J. Novanp, Jr. 


Junior, AMerican Society or Civit ENGINEERS 
Junior Encrneer, U.S. Bureau or Reccramation, Denver, Coto. 


Sa ee ee Jor the cement used in 
Boulder Dam were prepared only after exten- 
sive research. An important aim was to reduce as 
much as possible the heat generated by the chemical 
action involved in the hardening of the cement. In 
order to measure accurately the amount of heat 
generated, delicate instruments and apparatus were 


HEN concrete hardens, there is a certain amount 
of heat developed as a result of the chemical 
reaction between the cement and the water. 

This is known as the heat of hydration, or heat of 
hardening, and is usually measured in calories of heat 
generated per gram of cement. The amount of heat so 
generated is usually not of great importance in small 
structures, or in those having a large surface area in 
proportion to the volume of the concrete. But in mas- 
sive structures such as the Boulder Dam, the heat of 
hydration is a factor of considerable importance. In 
such a structure, the heat is not readily dissipated at the 
surface, and the temperature rise has a marked effect 
on the stresses and deformations within the mass. 

Heat of hydration is also of importance because it is 
related to the strength, chemical composition, and other 
properties of the cement and concrete. Limiting values 
for heat of hydration were incorporated in the cement 
specifications for the Boulder Dam and for the Pine 
Canyon Dam, built by the City of Pasadena. In the 
future, when massive concrete structures are built, it 
is probable that the specifications will contain provi- 
sions regarding the heat of hydration of the cements 
used. 

It is important to know the rate of heat generation as 
well as the total amount generated. Heat begins to 
develop as soon as the concrete is poured, and the rate 
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Cement Fineness Was 83'/, Per Cent Through 
bed | a 200-Mesh Sieve, and Initial Temperature of 
Both Specimens Was 85 F. For the Neat Ce- 
ment Specimen the Water-Cement Ratio Was 
0.6 by Volume, with 5 Per Cent of Diatoma- 
ceous Earth Added to Prevent Sedimentation Be- 
fore Initial Set. The Concrete Specimen Con- 
tained 8.95 Per Cent of Cement by Weight and 
0 Had a Water-Cement Ratio of 0.8 by Volume 


Fic. 1. Typrcat Trwg-Heat CurRvVES FOR CEMENT AND CONCRETE 
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at which it is generated is quite rapid during the first 
week. At 28 days, roughly 90 per cent of the total heat 
has been developed. At later ages the rate tends to 


developed. This heat was found to be closely related 
to the chemical composition of the cement. In this 
article Mr. Noland gives both a description of the 
apparatus and technique employed in measuring the 
heat of hydration and a résumé of the important 
conclusions drawn from the investigations—a_ note- 
worthy addition to the subject. 


diminish, until after 180 days the slope of the time- 
heat curve is almost horizontal (Fig. 1). 


ADIABATIC METHOD OF DETERMINING HEAT OF HYDRATION 


The three methods commonly used for determining 
the heat of hydration of cement are the adiabatic 
method, the high-insulation method, and the heat-of- 
solution method. The adiabatic method is based on 
the fact that if the temperature of the air which com- 
pletely surrounds a concrete specimen is regulated so 
that it is always the same as the temperature within the 
specimen, there is no loss or gain of heat from the speci- 
men to its surroundings. The temperature rise of the 
specimen then is the true temperature rise, since no heat 
is gained or lost. Knowing the number of calories of 
heat required to raise a unit weight of concrete one 
degree, and knowing the weight of the specimen and 
the temperature rise at any age, the total number of 
calories of heat developed at that age can be computed. 
If this amount of heat is divided by the weight of the 
cement in grams, the heat of hydration in calories per 
gram is obtained. 

In Fig. 2 the construction details of a typical adiabatic 
calorimeter are shown. The calorimeter is essentially a 
heat-insulated compartment into which a large concrete 
specimen is placed immediately after it is poured. Elec- 
tric resistance thermometers are embedded in the con- 
crete specimen and are also placed in the air which sur- 
rounds the specimen. The temperature of the air in the 
compartment is regulated so that it is the same as the 
temperature within the specimen. This is accom- 
plished either manually by an observer or automatically 
by a temperature recorder. Electric heaters in the 
compartment raise the temperature of the air, and elec- 
tric fans circulate the air and equalize the temperature. 


HIGH-INSULATION METHOD OF MEASURING HEAT OF 
HYDRATION 


The high-insulation method is based on the same 
general principle as the adiabatic method. The con- 
crete specimen is placed in a heat-insulated compart- 
ment, and the temperature of the air surrounding the 
specimen is kept constant. Electric resistance ther- 
mometers are embedded in the specimen, and the tem- 
perature of the specimen is observed at frequent inter- 
vals. A heat-transfer correction is applied for the heat 
lost by the specimen to its surroundings if the specimen 
is at higher temperature than its surroundings, or for the 
heat gained by the specimen if the temperature of the 
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HEAT-OF-SOLUTION CALORIMETER PARTS 


specimen is lower than that of its surroundings. This 
heat-transfer correction is proportional to the difference 
in temperature between the specimen and its surround- 
ings. The high-insulation method is used mainly to de- 
termine the heat of hydration of cements at early ages. 
It is not sufficiently accurate for use at later ages. 

The high-insulation calorimeter is constructed in 
essentially the same way as the adiabatic calorimeter 
(Fig. 2). The main difference between the two is that 
in the former the air temperature is kept constant, 
whereas in the latter this temperature is regulated so 
that it is the same as that within the concrete specimen. 


HEAT-OF-SOLUTION METHOD OF MEASUREMENT 


In the heat-of-solution method, samples of dry, that 
is, unreacted cement are dissolved in an acid solution in 
what is called a ‘‘heat-of-solution calorimeter,’’ and the 
heat of solution in calories per gram of cement is com- 
puted. Similar tests are made on partially hydrated 
samples of cement. The difference between the heat of 
solution of a dry sample and that of a partially hydrated 
sample of the same cement represents 
the heat of hydration or the heat lib- rE 
erated by the partially hydrated 
sample at the age at which it is tested. | 2 

A photograph shows the heat-of- | 
solution calorimeter, which consists of | 
an inner gold-lined shell in which is 44 
placed a mixture of nitric and hydro 1, 
fluoric acid used for dissolving the ce 
ment Che inner shell is surrounded Sst 
by an outer shell, from which it is €8; 
separated by several bakelite plugs and ‘°° ett 
an air gap of about one inch. Avery *8\i sald 
thin convection shield is placed mid- £22 . 
way between the inner and outer shells ae 
to minimize convection currents. The 
outer shell is fitted with a water-tight 
cover, and the entire assemblage is Fic. 2 
placed in a water bath, which is kept 
at a constant temperature by means 
of regulating heater lamps controlled 
by a relay in a vacuum tube circuit. An electric re- 
sistance thermometer, a heat coil used in determin- 
ing the heat capacity of the calorimeter, and a platinum 
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HEAT-OF-SOLUTION CALORIMETER AND AUXILIARY EQUIPMENT 


stirrer are placed in the acid solution and are fastened 
to the water-tight cover of the outer shell. 

The thermometer used in the heat-of-solution research 
work for Boulder Dam is one of special design developed 
in the Engineering Materials Laboratory of the Univer- 
sity of California. It consists of four coils—two of 
manganin and two of copper—wound on the same drum. 
The coils are arranged in the form of a Wheatstone 
bridge. A constant electromotive force of about 2 v is 
impressed across two of the terminals. The electromo- 
tive force across the other terminals, which is a func- 
tion of the temperature, is measured by a precise po- 
tentiometer. The thermometer will detect tempera- 
ture differences of 0.0001 C and is accurate throughout its 
range to about 0.0005 C. 

To illustrate the use of this method, suppose that a 
dry cement sample is dissolved in an acid solution and 
is found to have a heat of solution of 580.3 g-cal 
(calories per gram of cement). A number of cement- 
paste samples are made, using the proper water-cement 
ratio, and are put in small glass vials. The vials, in 
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The High-Insulation Calorimeter Is Similar in Construction But 


the Test Technique Differs 


turn, are placed in variable-temperature curing chests, in 
which the samples are cured under temperatures which 
approximate those that will obtain in the actual struc 
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ture. At each age for which the heat of hydration is 
desired, one of these samples is removed from the curing 
chest, the glass removed, and the sample ground and 
tested in the acid solution. 

Suppose that the heat of solution of a 7-day-old hy- 
drated sample is found to be 521.7 g-cal. Then the 
difference between the heat of solution of the dry cement, 
580.3, and the heat of solution of the partially hydrated 
sample, 521.7, gives 58.6 g-cal, which represents the 
heat of hydration of the cement at 7 days. 

If a sample is taken out of the curing chest and tested 
when it is 28 days old, it will be found that the heat of 
solution is less than that obtained for the 7-day-old 
sample because some additional heat has been liberated 
between 7 and 28 days. In the same way, at each later 
age the heat of solution of the hydrated sample becomes 
less, and the difference between this heat and that of the 
unreacted sample, that is, the heat of hydration, in- 
creases. If values of heat of hydration are plotted 
against time, a curve is obtained that is substantially 
the same as that secured by the adiabatic or other meth- 
ods. Neat cement samples are used in the heat-of- 
solution method in place of concrete, since the aggregate 
in the cement is inert and does not contribute appreci- 
ably to the heat of the solution. 

The heat-of-solution method furnishes the most rapid 
and economical means for measuring the amount of 
heat generated. By it a test can usually be made in one 
or two hours. The labor required for mixing the small 
neat cement samples is negligible when compared with 
that required to mix the large concrete specimens used 
in other methods. 

Another advantage of the heat-of-solution method is 
that it takes into account, and includes, the initial heat 
of hydration. When other methods are used, about an 
hour of time usually elapses before the specimens can 
be put in place, the resistance thermometers connected, 
and conditions brought to equilibrium. The amount 
of heat generated during this time is lost and cannot be 
measured. The heat-of-solution method was first em- 


ployed in cement research by the Research Department 
of the Riverside Cement Company, of Riverside, Calif. 


MAJOR RESULTS OF THE HEAT-OF-HYDRATION STUDIES 


Among the more important facts revealed by the heat- 
of-hydration studies are: 


1. The chemical composition of cement has a marked 
effect on the amount of the heat of hydration. It is 
possible to reduce the heat of hydration below that of 
normal portland cement by proper regulation of the 
chemical composition. 

2. In general, at 28 days, under conditions of mass 
curing, each | per cent of tri-calcium-aluminate produces 
approximately 2.5 g-cal; each | per cent of tri-calcium- 
sulfate produces approximately 1.1 g-cal; and each 1 
per cent of di-calcium-sulfate and tetra-calcium-alumino- 
ferrite produces approximately 0.45 g-cal. 

3. Increasing the fineness of the cement increases the 
heat of hydration at the early ages. 

4. Increasing the water-cement ratio increases the 
heat of hydration at the early ages. 

5. Cements that show a great deal of strength in 
proportion to the amount of heat generated are those 
which are low in tri-calcium-aluminate. 

6. Heat of hydration is increased by lowering the 
initial temperature of curing. 


The heat-of-hydration studies here described were 
carried out by the U.S. Bureau of Reclamation at the 
University of California. They formed part of an ex- 
tensive program of research on cement and concrete 
for the project. In this program, 88 commercial and 
laboratory cements were studied, mainly for the purpose 
of collecting data to be used in determining the best 
cement for the dam. Tests were made for strength, 
volume change, durability, water absorption, and con- 
sistency, as well as for heat generation. In addition, 
a number of minor tests were included. In this research 
program, which extended over a period of two years, a 
total of about 30 men were employed. 





ENGINEERS’ NOTEBOOK 


From everyday experience engineers gather a store of knowledge on which they depend for growth as in- 
dividuals and as a profession. This department, desi pre to contain practical or ingenious suggestions 


From engineers both young and old, should prove helpfu 


in the solution of many troublesome problems. 





Sheeting for Underpinning Pits 


By Howarp F. Peckworrtu, Assoc. M. Am. Soc. C.E. 
RipGewoop, N.J. 


[NX carrying out underpinning operations for the 

Independent Subway along Schermerhorn Street and 
Lafayette Avenue, Brooklyn, several thousand feet of 
pits were sunk. The resulting observations constitute 
a very fair estimate of the speed at which such pits can 
be sunk and the approximate cost per foot. 

These pits varied from 3 by 4 ft to 6 by 6 ft in inside 
dimensions. The conventional method was abandoned 
in favor of the patented dovetail method shown in Fig. 1, 
the 2 by 8-in. timber sheeting being notched beforehand, 


lowered into the pit, and set in place as the pit was dug. 
The normal procedure was to dig down along one side 
of the pit a distance of 8 in. below the bottom board and 
smooth off the damp sand so that there was a clear 
vertical face of sand 8 in. by the width of the pit. A 
notched board was set in place against this vertical 
face and then forced snugly against the sand by being 
tapped with a hammer to ensure a close fit. The op- 
posite board was put in similarly, and after that the 
boards on the two remaining sides were gently forced 
into place, making a snug fit. By this method pits as 
large as 6 by 6 ft were sunk through damp sand 65 ft to 
water without the slightest difficulty, the only precaution 
necessary being to see that no void spaces were left in 
the sand behind the boards when they were forced into 
place. 
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Typical “data obtained while sinking these pits are 
contained in Table I, which is made up from observations 
made by me while working as principal assistant to J. C. 





MetTHOD OF DOVETAILING SHEETING FOR 
UNDERPINNING Pits 


Fie. 1. 


Meem, M. Am. Soc. C.E., consulting engineer. Sheeting 
was made of 2 by 8-in. material which cost $35 per 
thousand fbm. At locations A and B, referred to in 
Table I, the rates of pay for 8 hr were: foreman, $13.33; 
timberman, $10.00; and helper, $5.00. At the remaining 


Taste I. Opservep Cost DATA ON EXCAVATING 
UNDERPINNING Pits 
AVER Rates 
AGE or MatTe- DescrRIPTION 
Derrn Size Sinxrnc Lapor RIAL LaABoR 
Lo- No. oF or Prts,1~ Cost Cost AND 
ca- or Pits, Pits, Frreer Per rer Mare- 
TIon Pits Fr Fr Hr Fr Fr RIAL 
A 2 30 6x 6 0.4975 $4.80 $1.80 $6.60 Difficult digging, 
in hard clay 
with gravel and 
boulders 
B 3 618 3x4 0.7941 3.69 1.10 4.79 Excellent digging, 
in coarse brown 
sand 
Cc 8 43 3&5 0.9385 3.42 1.25 4.67 Excellent digging, 
in coarse brown 
sand 
D 22 31 4x 4 1.3266 2.97 1.25 4.22 Excellent digging, 
in coarse brown 
sand 
E 9 19.4 4x 4 0.5980 3.03 1.25 4.28 Excellent digging 
in coarse brown 
sand 
F 5 18.5 4X5 0.6446 3.83 1.38 5.21 Excellent digging, 
in coarse brown 
sand 
G 1 8 4x 5 0.8750 3.18 1.38 4.56 Excellent digging, 


in coarse brown 
sand 


locations the rates of pay were: foreman, $10.00; 
timberman, $6.40; and helper, $4.80. An underpinning 
gang consisted of a foreman and twice as many helpers 
as timbermen. Neither insurance nor profit is included 
in the cost of labor and materials given. This work was 
performed by the Del Balso Construction Corporation, 
with John R. Monaghan, M. Am. Soc. C.E., chief engi- 
neer, and J. C. Meem, M. Am. Soc. C.E., consulting 


engineer. 





Ideal Running Speed for 
Pelton Wheels 


By Cuestey J. Posey, Jun. Am. Soc. C.E. 


Instructor OF Mecnuanics AND Hyprautics, State UNIVERSITY 
or Iowa, Iowa City 


A® usually stated, the ideal peripheral speed for 
the buckets of a Pelton wheel is that which will cause 
the water to leave the wheel in a path perpendicular to 
the path of the buckets. The following analysis shows 


Civit ENGINEERING for Fuly 1934 


Vou. 4, No.7 


that this is not generally true, that when friction is neg- 
lected the velocity of exit have a component in 
the direction of rotation of the buckets, and that when 
friction is considered the velocity of exit may have a 
component in either direction. 

A cross section of a Pelton wheel bucket is shown in 
Fig. 1. The jet of water is not turned through an angle 
of 180 deg, but leaves the bucket at an angle a, to permit 
the next bucket to clear. Velocity diagrams for the 
point where the jet enters the bucket and the point 
where it leaves the bucket are shown in Fig. 2. Vector 
% represents the absolute 
velocity of the water in the 
jet, and is a measure of the 
total energy available. 
Vector r ts the 
velocity of the water rela- 
tive to the bucket. As the 
water follows around the 
curve of the bucket, the 
magnitude of this velocity 
is decreased by friction, so 
that at the point of exit the 
velocity of the water relative 
to the bucket is represented 
by kr, where & is a coefficient 
less than 1.00. 

The vector 2 represents the absolute velocity of the 
water leaving the bucket, and is a measure of the part 
of the available energy that cannot be utilized in the 
wheel. The best running speed for the wheel is that 
which will reduce v, to a minimum, v; remaining constant. 
As will be shown, this does not give the condition of jet 
discharge perpendicular to the runner, either when 
frictional loss in the bucket is neglected or when it is 
considered. Neglecting frictional loss, k is equal to 1.0, 
and from the velocity diagrams, 


» =~ob+°f 
t? = 5b? + r? — 2dr cosa 
Remembering that 2 is to be a minimum, while 7, is held 
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Fic. 2. DIAGRAMS FOR THE VELOCITY OF THE JET 


constant, it is easily shown by differential calculus that 
for greatest efficiency, 


The discharge is not perpendicular to the runner but at 
an angle 8, as shown in Fig. 2, such that 


Ae, Mogi 


Considering frictional loss, and referring again to the 
velocity diagrams, Fig. 2, 
,» = O + Pfr 


v2? = b? + k*r? — 2kbr cosa 
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For greatest efficiency » should be a minimum while 
v, is held constant, which gives 
— k? + kcos a 
1 + k? + 2k cos a 


In Table I are given values of the coefficient of », for 
different values of & and a. 





% = Co. . [2] 


Taste I. Vatues or C, In Eouation 2, ror ORDINARY VALUES 


OF a AND k 
VALUES OF a k = 0.70 k = 0.80 k = 0.90 k = 1.00 
a= §° 0.411 0.444 0.474 0.500 
a = 16° 0.410 0.443 0.473 0.500 
a = 24° 0.408 0.442 0.472 0.500 


In this analysis the variation of windage losses and of 
k with change of speed has been neglected. The windage 
loss increases as the bucket speed increases, while losses 
due to friction and impact on the bucket, included in 
k, decrease as the bucket speed increases. It seems 
reasonable to expect, therefore, that the ideal velocity 
relations developed in the present analysis will agree 
closely with experimental results. 





Pavement of Granite-Faced, 
Precast Blocks 


By Louis F. Hewett, M. Am. Soc. C.E. 


Cuier ENGINEER, FrREDBURN CONSTRUCTION CoRPORATION, 
New York, N.Y. 


A NEW type of non-skid permanent pavement has 

recently been constructed on the Albany Post 
Road, between Ossining and Scarborough, N.Y., where 
there is a constant flow of heavy trucks and other traffic. 


Laying the Blocks 





Pouring the Joints 
LAYING A PRECAST, GRANITE-BLOCK PAVEMENT 
Experimental Road Laid on a Dry Mortar Cushion Over a Hard Subgrade 
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The pavement consists of 12 by 12 by 5-in. precast 
concrete blocks with a granite face or top 2'/, in. in 
depth. The blocks were laid on a screeded 1-in. dry 
mortar cushion over a hard subgrade, which was pre- 
viously cleaned. The blocks were placed by hand in 
rows, with '/,-in. joints, and the joints broken in al- 
ternate courses. The pavement was tamped or rolled 


‘and the joints filled with asphalt. No skilled labor 


was used in the work. 

In manufacture, the blocks were cast with the top 
face downward. Granite chunks, each having a surface 
area of about 5 sq in. and a depth of 2'/, in., were placed 
by hand in the form, covering the entire face of the 
form, and the interstices were filled with 1:1 grout. 
The remainder of the form was filled with 1:1'/2:8 
concrete. The form was then vibrated to increase the 
density of the final product. In the laboratory the 
concrete tested up to 7,000 Ib per sq in. in compression, 
and a block failed at 10,000 lb per sq in. 

At this point the Albany Post Road is 34 ft wide and 
has a center section 20 ft wide, paved with brick laid 
on a concrete foundation. Two concrete shoulders 
about 7 ft in width flank each side of the brick roadway. 
The work was done in the following steps. Half of 
the roadway was shut off, about 12 ft of the old brick 
surface was removed, and the edge of the concrete 
shoulder was cleaned. Then the precast blocks were 
placed on a screeded cushion in rows perpendicular to 
the concrete shoulders, meeting the surface of the 
shoulders as closely as possible. After half of the road 
was completed it was covered with a thin layer of sand 
and immediately opened to traffic. Then the other 
half was barricaded and paved similarly. The new 
pavement was layed as fast as the old roadway was 
removed and was opened immediately to traffic. 

This experimental section of the Albany Post Road 
was paved by the maintenance forces of the New York 





Pavement Half Finished 





37° 


State Department of Highways. The cost of the labor 
for paving was less than 20 cents per sq yd, including 
the mixing and screeding of the cushion, the carrying 
and laying of the blocks, and the pouring of the joints. 
The asphalt filler cost 7 cents per sq yd, and the mortar 
cushion, 13 cents per sq yd. This pavement, known as 
“Ultimate,” has the advantages inherent to a granite- 
block pavement at about two-thirds the first cost. 
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To determine the cost of repairing this type of pave- 
ment, the engineer had six rows of blocks removed from 
the completed roadway and replaced by new blocks. 
The asphalt which clung to the removed blocks, when 
knocked off and melted up, was used again. It took 
one man 40 min to complete the repair, and no visible 
trace of a patch remained. This repair and replacement 
cost 8 cents per sq yd for labor. 








Our Readers Say— 


In Comment on Papers, Society Affairs, and Related Professional Interests 








Locomotive Acceleration by 
Graphical Calculus 


Dear Sir: In his article, ‘Problems in Locomotive Accelera- 
tion,” in the April issue, Mr. Barrow presents a method of finding 
time and space to accelerate a train by a mathematical solution. 
To get top speed in 
going up a grade, he 
gives two methods of 
obtaining the answer to 
the cubic equation, one 
of which is graphical 
Another graphical 
method of finding the 
top speed is to use the 
net tractive power 
curve, keeping in mind 
the fact that for a '/: 
7 per cent grade the 10-lb 
line intersects the curve 
at 18.1 mph, as _indi- 
cated by the dotted 
lines in Fig. 1. This 
speed agrees with the 
ee | dynamometer readings 
instead of the curve 
from the calculated 
equation; the calculated 
curve is in error a little 
at this point. However, 
any of the three values, 
17.5, 17.6, or 18.1 mph, 
is close enough. 

The integral of the 
}9 » reciprocal of the net 
tractive power curve 
gives time of travel in 
seconds, and the integral 
of the second-velocity 
curve gives distance of 
travel in feet. These values come from the following equations, 
t= J(1/a)de, ands = /fvdt, where a = F/m = Fg/W. 

The net power curve used in the accompanying Fig. 1 was 
drawn from the scaled dimensions of Mr. Barrow’s Fig. 1, from 
which the following scales are obtained. The velocity scale is 
35 X 1.467/3.12 in. = 16.45 ft per sec per in. The 1/a scale 
is W/gF = 2,000 X 2.24 in./32 K 25 = 5.6 per in. Therefore 
the ¢ scale or the 1/av scale is 5.6 X 16.45 = 92.2. The space 
scale, s, or the vt scale, is 16.45 X 92.2 = 1,515. The time re- 
quired to reach a speed of 30 mph is then 3.3 in. X 92.22 = 304 
sec, and the space traveled is 2.86 in. X 2 X 1,515 = 8,680 ft. 

By marking these lengths in seconds and feet, the time and dis- 
tance required to reach any speed up to 30 mph are given by these 
curves. As shown by the dotted lines, at 20 mph ¢ equals 128 sec 
and s equals approximately 2,100 ft. 

Although the graphical integration can be accomplished by the 
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Fic. 1. A GRAPHICAL SOLUTION OF 
Locomotive ACCELERATION 


method shown in my article on page 216 of the April issue, this 
problem was solved with the Jacob integraph instrument. 


Brent C. Jacos, M. Am. Soc. C.E. 
Electrical and Mechanical Engineer 
Industrial Brownhoist Corporation 
Cleveland, Ohio 
May 31, 1934 





Existence of Helicoidal Flow 


To tHe Epitor: A mathematical analysis of the mechanics of 
flow around bends, such as that developed by Lieutenants Blue, 
Herbert, and Lancefield in the May issue, indicates that a tendency 
toward helicoidal flow must exist in every river bend. However, 
in many natural rivers the ratio of depth to width is small, and 
the forces tending to produce helicoidal flow are overcome by the 
complicated forces resulting from bed and bank friction. 

In our article on ‘‘Flow in River Bends,”’ in the May 1933 issue 
of Crvit ENGINEERING, the experiments reported were made on a 
slightly distorted model of the Mississippi River, and in that 
particular model it was definitely determined that helicoidal flow 
did not exist, although bed material was moved consistently from 
the concave to the convex side. Subsequent experiments con- 
ducted at the U. S. Waterways Experiment Station with highly 
distorted models, that is, models having a comparatively large 
depth-to-width ratio, have indicated that helicoidal flow un- 
doubtedly exists. The conclusion follows that in the model of 
low distortion the forces tending to produce helicoidal flow were 
overcome; whereas in the models of high distortion these forces 
were predominant. 

The same reasoning can be applied to natural streams. Thus, 
in a river such as the lower Mississippi, with a depth-to-width 
ratio of, say, 1:200, pure helicoidal flow may not exist; whereas 
in a stream such as the Iowa River, with a depth-to-width ratio 
of, say, 1:40, this type of flow may be in evidence. We erred 
in failing to develop this important point in our original article, 
and Lieutenants Blue, Herbert, and Lancefield have performed a 
valuable service in presenting data that have caused the point to be 
brought to attention. 

The statement by the authors that “more weight can properly 
be given to results obtained on an actual river bend’’ cannot be 
taken in toto. Causes and effects can be observed, measured, 
and segregated in a model to an extent far beyond what is possible 
on an actual stream. Consider, for example, some of the data 
presented by the authors. The longitudinal profiles of the water 
surface, as presented in Fig. 3, show that there exists no super- 
elevation (and hence no transverse slopes) at Sections 1 and 4; 
whereas the diagram of velocity vectors (Fig. 2) shows that heli- 
coidal flow exists at both these sections. These facts are in- 
consistent with the mathematics presented by the authors, and 
no explanation is offered. Were such an anomaly to occur in the 
data from a model study, it is entirely probable that its causes would 
be readily determinable. 
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In our article, in the May 1933 issue, we stated that in unnatural 
bends, where caving had been resisted by a bank difficult of erosion, 
the sharpness might be so pronounced as to produce higher ve- 
locities on the convex side. In this special case bed materials would 
be deposited on the concave side, while corresponding caving and 
deeper water would be found on the convex side. The experiments 
of Lieutenants Blue, Herbert, and Lancefield bear out this con- 
clusion and offer a splendid case in point in showing how the river 
has changed its course from 1925 to the present. It should also 
be noted that higher velocities in each instance are found in the 
locations of greatest depths. 


HERBERT D. Vocet, Assoc. M. Am. Soc. C.E. and 
Pau. W. THompson, Jun. Am. Soc. C.E. 
First Lieutenants, Corps of Engineers, U. S. Army 


Vicksburg, Miss. 
June 6, 1934 





Tests on Plate Action 


To THe Eprror: The behavior of the test panel described by 
Mr. Sandberg in his article, ‘What Is Plate Action?” in the May 
issue, is confirmed by other tests, which indicate a tendency for 
the corners of freely supported slabs to deflect upward. Actual 
raising of the corners occurs only when the supports are of great 
stiffness and are consequently subject to comparatively small 
deflections. Shallow supporting beams may deflect sufficiently 
to cause slab and beams to remain in contact throughout. In 
an extreme case, when the slab is carried by flexible steel beams, 
there may be concentration of load near the corners and lowering 
of the beam away from the slab at mid-span. 

Using the data given in Mr. Sandberg’s article, I find that a 
10-in. 30-lb I-beam is a suitable supporting member. The de- 
flections for this beam relative to the slab are such that the beam 
and slab remain in contact throughout. 

Torsional resistance of mutually perpendicular strips, through 
which a large part of “‘plate action’’ may be justified, is fully 
effective only when the sides of the slab remain straight, that is, 
when supports are rigid and corners are anchored against uplift. 
These conditions are assumed in analyses based on the theory 
of elasticity. When corners are not anchored, indications are 
that about 50 per cent of the “plate action” is destroyed. Flexi- 
bility of supports tends to increase this percentage. 

It may be noted that the relative effect of torsional resistance 
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Fic. 1. BENDING MoMENT COEFFICIENTS, FREELY SUPPORTED SLABS 
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diminishes with an increase in the conditions of end restraint. 
Also, negative moments at restrained edges are not decreased by 
torsional resistance to the same extent as are positive moments. 

Requirements of existing building codes make no allowance 
for the strengthening effect of ‘‘plate action."’ The curves in the 
accompanying Fig. 1 give a comparison of bending moments as 
calculated by current building code specifications (Curves I, 
II, and III) and by more precise methods (Curves IV, V, VI, and 
VII). The more precise curves are grouped together and are 
distinctly apart from the others. As a basis for a safe and eco- 
nomical method of design, a straight line might be used, such as 
the one numbered VIII. This line provides for a considerable 
margin of safety over the more precise curves and allows for un- 
certainties in theoretical development and for possible deflection 
of supporting beams. The following equations for freely sup- 
ported panels result from this line. 


M, = 0.16(r — 0.75)wZ*. . ..... {1} 
Ms, = 0.014(8.86 — r)wZ* ...... {2) 


in which M4, = maximum total bending moment on section 
parallel to long side (ft-lb) 
Ms, = maximum total bending moment on section 
parallel to short side (ft-lb) 
r = ratio of long side to short side 
L- = length of short side (ft) 
w = panel load (Ib per sq ft) 


Whereas the effect of “plate action” in the slab is to reduce 
bending and to make possible the use of a thinner section, the 
effect on the supporting beams is of the opposite character. With 
the corners not anchored, there will be concentration of loading 
in the middle region of the beam equal and opposite to the slab 
reactions shown in Fig. 2 (a). With the corners held down and 
the supports rigid enough to remain nearly straight, the shearing 

















(a) (6) 
Fic. 2. DistrRiBpuTION OF SUPPORTING FORCES 


stresses along the periphery of the slab vary roughly as the ordi- 
nates to an ellipse. The beam loading will have a similar variation 
and will be equal and opposite to the slab reactions indicated in 
Fig. 2 (6). The total beam load will exceed the total slab load by 
the amount of the downward forces at the corners. With either 
condition the required size for the supporting beams is greater 
than would be the case if the effect of torsion were omitted. 


E. MrraBe wt, Assoc. M. Am. Soc. C.E. 
Assistant Professor of Structural Design 
Massachusetts Institute of Technology 
Cambridge, Mass. 
May 25, 1934 





Coordinated Planning 


To THe Epiror: The symposium on the “Advantages of Na- 
tional Planning,” in the March issue, is so ably presented that there 
can be no question as to the desirability of various phases of such 
planning as advocated by the authors of the papers. However, a 
phase of national planning that deserves greater attention than it 
has so far received is local planning, which is sympathetically re- 
garded as a somewhat independent, useful function rather than 
as an integral part of national planning. 

There are several disadvantages in the present lack of coordina- 
tion between these two kinds of planning. First of all, the de- 
velopment of central planning in advance of local planning deprives 
it of the intelligent and organized support of the people at large. 
The second disadvantage in the unbalanced development of the 
two activities is that the more rapid growth of national planning 
causes an undue centralization of all the activities affected. This 


—- 
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is apt to create antagonism among the localities, which suffer from 
the unwieldiness of the national plan as well as from its apparently 
arbitrary rule. 

Still another disadvantage is in the natural limitation of a cen- 
tralized planning system, which must be general and outside the 
individual human problems affected by its activities, although the 
welfare of the people is its ultimate object. For example, if it is 
within the province of the national planning body to decide on the 
elimination of a certain number of miles of railroad, who will plan 
how to meet the problems immediately created by the reduced as- 
sessed valuation and reduced employment in the locality affected, 
if there is no local planning? 

The difficulties that the national recovery program is beginning 
to encounter invariably can be traced back to the lack of under- 
standing and organized support of the country at large. Since 
national planning is the most important means of overcoming 
the present chaos, it should be carefully established throughout 
the country, and every precaution should be taken to avoid the 
rise of criticism and resentment that might endanger the success 
of the entire program. 

The national planning organization should be developed by 
taking into account economic units rather than political subdivi- 
sions, except in the case of the state unit. If the National Planning 
Board limits itself to stimulating local planning, it is bound to 
develop too much along the lines of existing obsolete political units. 
Thus it is the responsibility of the National Planning Board not 
only to stimulate local planning but also to organize a complete 
national unit, made up, let us say, of five regional units. These 
units should be divided into state units, and the states into units 
of trading areas, all working toward a definite goal. 

In the national system the minimum unit should be at least a 
center of population with its entire trading area, rather than a 
city, or a city with its metropolitan area. This would prevent the 
development of selfish home-town planning as opposed to the larger 
idea of national planning. At the same time, it would open the way 
for the eventual reorganization of local government to make it 
consistent with modern economic life, as mentioned in Mr. James's 
article. 

If we delay stressing the importance of local planning until ex- 
perimental data from the Tennessee Valley Authority are obtained, 
it may be too late. The simultaneous development of central 
planning and local planning by the National Planning Board, with 
the cooperation of local groups, is a matter of urgent necessity. 
The responsibility for the proper organization of a national planning 
system rests with the National Planning Board. However, much 
can and should be done by local groups to ensure the success of 
this planning as a new national function 


Sercer N, Grimm, Assoc. M. Am. Soc. C.E. 
Consulting Engineer 


Syracuse, N.Y. 
May 29, 1934 





Analytical Determination of 
Fixed Points 


To THe Eprror: The graphical determination of the fixed points 
presented by Mr. Gottschalk, in the May issue, is based on the 
assumptions that the far ends of the adjoining beams and columns 
are fixed and that the moduli of elasticity of the materials of which 
the beams and columns are constructed are the same. 

The same results may be obtained analytically by the applica- 
tion of the following equations: 


K — ke 

ep = a ee (1] 
(Ke - my 
K — ke 

eg = Rte ee [2] 
(Ku-F 


in which &, is the stiffness factor of the beam under consideration 
and the other values, those used by the author. 
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If the far ends of the adjoining beams and columns are free, 
Equations 1 and 2 become 


Von's 


pm Ks — “ (agus é Ft CS [3] 
3(Ke - =) 

és Ka - “: Cee [4] 
3(Ka ~ > 


These equations suggest another graphical solution, shown in 
the accompanying Fig. 1, which I consider simpler and more 
accurate from the standpoint of geometrical construction. 








TABLE I. THEORETICAL VALUES OF €g AND €4 
RESTRAINT OF 

Far Enps Wuen Ee = Ey Wuen E- = 1.525 

Columas Beams tA eB tA eB 
Free Free 0.2691 0.2241 0.2797 0.2461 
Free Fixed 0.2761 0.2301 0.2841 0.2501 
Fixed Free 0.2751 0.239% 0.2861 0.2601 
Fixed Fixed 0.2821 0.2451 0.2917 0.2631 
Gottschalk’s Method 0.2827 0.2451 0.2821 0.2451 


Based on the example illustrated by Mr. Gottschalk, the theo- 
retical values of eg and e, are given in Table I for different combi- 
nations of far end restraint of the adjoining beams and columns for 
E, = E,and E, = 1.5 £,, in which E, is the modulus of elasticity 
of the column and £,, that of the beam. 
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This tabulation is given for the purpose of indicating the varia- 
tions between the extreme range of actual values and those derived 
by the author’s method. It must be remembered that these 
values are based on the assumptions that the supports have no 
width and that the values of ¢ increase with that of the ratio of 
width of support to span. 

I am of the opinion that the values of k are more correctly 
defined as 


IE I 
Bm Toh en 8s Ok 


as given by Mr. Gottschalk. 
R. L. Bertin, M. Am. Soc. C.E. 
Chief Engineer, White Construction 
Company, Inc. 
New York, N.Y. 
June 1, 1934 











SOCIETY AFFAIRS 


Official and Semi-Official 








3] 
4] Annual Convention at Vancouver, B.C. Carl Ewald Grunsky, Past-President, 1855-1934 
Nort since 1925 has the Society met in official session outside AFTER a long and distinguished career in his chosen profession, 
: the United States. In that year the Fall Meeting was held in Mon- Carl Ewald Grunsky, President of the Society in 1924, died in San 
7” treal, Canada. Our neighbors to the north, however, have not been Franciscoon June 9. He was born on April 4, 1855, near Stockton, 
- infrequent hosts. The records show an Annual Convention in Calif., where he received his early education, graduating from the 
Ottawa in 1913, another in 1897 at Quebec, and another in 1881 at high school there in 1870. Ambitious for a medical career, he went 
Montreal. There are many members who recall with pleasure the to Germany to study but changed to engineering and entered the 
hospitality dispensed by the engineers of Canada. Polytechnic Institute at Stuttgart. There he earned the degree 
Now again a Canadian city, Vancouver, B.C., has honored the of Diplom. Engr. in 
Society by inviting it to hold this year’s Annual Convention within 1877. In 1910 this 
its confines. The date, July 11-14, has been announced, and a same institution 
detailed program of the general and technical sessions has appeared awarded him the de- 
in the June issue. At this convention the Society will be the special gree of Dr. Ing. 
guest of the Engineering Institute of Canada, and the general Later, in 1924, Rens- 
sessions will be held jointly with those of the Institute’s Western selaer Polytechnic 
Professional Meeting. Institute bestowed 
Subjects of special interest in connection with the stupendous on him the degree of 
eo engineering developments taking place in the Northwest will be Eng. D. 
bi- presented, such as the following: the development of the Colum- He returned to 
for bia River for irrigation, navigation, and power; the great central California from Ger- 
ity valley development in California; the Fort Peck Dam and Reser- many in 1878 and 
voir on the Missouri River; the proposed highway from the United entered the service 
States through British Columbia and the Yukon to Alaska; the of the state, begin- 
Inter-America Highway, proposed to traverse and connect the two ning as a topographer 
western continents; the recently completed Going-to-the-Sun on river surveys. He 
Highway over Logan Pass in the Rockies; and the latest develop- served the state for 
ments and improvements in treating water, disposing of municipal ten years, rising step 
nds refuse, and salvaging sewage in the West. by step as the excel- 





Considering the Annual Convention as a raison d’étre for a visit 
to British Columbia, many possibilities for interesting trips present 
themselves. On three large water storage and regulation projects 
progress has reached a point where they might well be visited either 
en route to or from Vancouver—the Fort Peck Dam on the Mis- 
souri River, the Bonneville Dam on the Columbia River, and 
Boulder Dam on the Colorado River. Railroad fares are low, and 
travelers from Chicago and more eastern points can return via 
southern California without paying extra fare. This routing will 
permit a stopover at Las Vegas, Nev., for a side trip to Boulder 


lence of his work was 
recognized, until he 
became assistant and 
finally chief assistant 
state engineer, in 
which capacity he 
President of the Society in 1926 dealt oak etre 
flood control, river, 

irrigation, and other hydraulic problems. From 1886 to 1899 he 
maintained a consulting office, first in Sacramento and then in 
San Francisco, handling sewerage and water supply projects and 





Tue Late Cart Ewatp Grunsky 





gh B” Canyon. Then too, many other more purely recreational side trips 

- can be taken, including a boat trip to Alaska up the scenic Inside a number of irrigation developments. He was called in to report 
Passage; visits to Yellowstone, Glacier, and Jasper National Parks; on the sewerage system for San Francisco, and later was a member 
to Mt. Rainier, in Washington; to Crater Lake, in Oregon; tothe of a board of engineers who designed the system. 
Yosemite Valley, in California; to the Grand Canyon, in Arizona; In 1900 he was elected city engineer of this city and during his 
to Zion Canyon, in Utah; and to many other scenic spots too four-year term, in addition to handling the routine work of this 
numerous for mention here. office, he began the investigation of available sources for the domes- 

Vancouver offers many recreational opportunities—for fishing, tic water supply of the city, recommending an aqueduct from the 

hunting, yachting, and golf. The fisherman will be interested to Tuolumne River. Moreover, he designed a project for its progres- 
know that the waters surrounding the city abound in game fish, sive development, including a distribution system. However, these 
both salmon and trout, and that arrangements can be made for plans were not the ones accepted when, several years later, the proj- 
this sport either in the bay or the fresh-water streams nearby. ect was started. During his incumbency he also designed a gas 
The illustration on the Page of Special Interest at the beginning works and a telephone system for the city and reconstructed the 

aie, of this issue is suggestive of some visitor at the Convention tast- Geary Street cable railway and extension as an underground elec- 

al ing the joys peculiar to his favorite sport in a setting of great nat- tric conduit system. 

nome ural beauty. Here also is a yachtsman’s paradise. Boats of every In 1904 President Theodore Roosevelt appointed him to the 

. description are available and the points to which trips can be Isthmian Canal Commission to complete the surveys for the Canal. 

i all made are multiple and varied. From 1905 to 1907 he advised the then Secretary of the Interior, 

Indications are that a representative group of engineers, many Ethan A. Hitchcock, and was consulting engineer to the U. S 

tly accompanied by their families, will gather at Vancouver on July 1i Reclamation Service on irrigation matters. In 1908 he reopened 
to derive the inspiration that friendship and common interests al- his consulting office in San Francisco and until his death main- 
ways afford. Here is an outstanding opportunity to concentrate tained it there. 
vacation plans on a trip that will serve the purposes of professional During his private practice he served as consulting engineer to 
advancement, social contacts, and travel through country world the Imperial Irrigation District, the Sacramento Public Utility 
famous for its beauty. District, the East Bay Municipal Utilities District, and the Santa 

E. 

clion 
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Clara Conservancy District. He also served as a member of the 
Board of Review of the Sanitary District of Chicago and reported 
on bridge clearance requirements over the Columbia River below 
Portland, Ore 

As president of the California Academy of Science, he aided in the 
establishment of the famous museum and aquarium in Golden Gate 
Park, San Francisco. In 1930 he was elected president of the 
American Engineering Council. 

During all his crowded professional life, Dr. Grunsky found time 
to devote to the work of the Society. He became a Member in 
1898 and contributed freely to its publications. In 1910 he re- 
ceived the Norman Medal of the Society, the highest award for 
papers judged worthy of merit as a contribution to engineering 
science. This was for his paper, ‘“The Sewer System of San Fran- 
cisco, and a Solution of the Storm Water Flow Problem.” From 
1919 to 1921 he served as Director from the District in which San 
Francisco is located. In 1922 he was elected Vice-President of 
the Society, and in 1924, President. 

He was a frequent contributor to the technical press and pub- 
lished several books, among them Topographic Stadia Surveying; 
Valuation, Depreciation, and the Rate Base; and Public Utility 
Rate Fixing. 

In 1884 Dr. Grunsky married Mattie Kate Powers of Sacra- 
mento. Two sons and two daughters survive him. Both the sons 
followed their father’s profession and both are Members of the 
Society. Mrs. Grunsky died in 1921. 





Keeping the Membership List Correct 


IN EXAMINING certain miscellaneous publications of the Society, 
a few copies of which are kept in stock, a thin pamphlet came to 
hand, which proved to be a mid-year supplement of the annual 
List of Members for 1880. It has the following introductory note: 

“The following list contains all additions in the various classes of 
Society Membership which have been made since the issue of the 
last printed list of July 1880. This list also contains the present 
addresses of all members whose addresses have been changed from 
the printed list of July 1880. By substituting these addresses 
for those in the printed list, and by making the additions here 
noted, the list will be complete to February 1, 1881. The names 
and addresses below are printed on but one side of the paper so as 
to be pasted into the printed list if desired.” 

In the six months covered by this list of 54 years ago, there had 
been but 24 additions to the membership, 10 deductions, by resig- 
nation or by death, and changes of address for 46 members. The 
total membership of the Society at that time was less than seven 
hundred. It was then the custom to publish in each monthly is- 
sue of Proceeprnes such information as was collected in this 
pamphlet. Although the additions, transfers, and deductions 
from all membership grades are still published, now in CrviL 
ENGINEERING, one can only imagine how impossible it would be 
to show in the same way all the changes of address that are con- 
stantly being received and registered in the files, affecting a mem- 
bership of 15,326 as of June 9, 1934. 

The card index system at Headquarters, containing the latest 
address, professional connection, and grade of membership of 
each member, is revised daily as the result of information gleaned 
from correspondence. It is desirable for members to notify the 
Secretary promptly of any change in their address or business con- 


nection. 





New Secretary for United Engineering 
Trustees, Inc. 


AT ITS MEETING on May 25, the Board of Trustees of the United 
Engineering Trustees, Inc., elected John Arms to be secretary to 
succeed Alfred D. Flinn, M. Am. Soc. C.E., whose resignation was 
accepted at the same meeting. Since December 9, 1933, Mr. Arms 
has been general manager of the corporation and he will continue 
to serve in that capacity, combining the duties of both offices. He 
will be the chief administrative officer for the Board of Trustees in 
caring for the Engineering Societies Building, the Engineering 
Societies Library, and the endowment funds which the corporation 
holds for the American Society of Civil Engineers, The American 
Institute of Mining and Metallurgical Engineers, The American 
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Society of Mechanical Engineers, and the American Institute of 
Electrical Engineers jointly. These properties are valued at ap- 
proximately $4,000,000. Certain changes of organization and 
procedure necessitated by this change of personnel having been 
completed by the Board of Trustees at its meeting on June 22, 
the new secretary assumed his full duties and responsibilities on 
June 25. 

A graduate of Cornell Univeristy, Mr. Arms is a member of The 
American Society of Mechanical Engineers. His professional 
specialty has been industrial engineering. He was born in Wil- 
liamsport, Pa., in 1888, and now resides in East Orange, N. J. 

The resignation of Mr. Flinn as secretary of the corporation, 
regretfully accepted due to conditions beyond his control, termi- 
nates the joint secretaryship, which has existed for seventeen and a 
half years, during which he has served with conspicuous faithful- 
ness. He will continue to be the director and secretary of The 
Engineering Foundation. 

A member of the American Institute of Mining and Metallurgical 
Engineers, as well as of the Society, Mr. Flinn was elected in 1917 
joint secretary of the United Engineering Trustees, Inc. (then the 
United Engineering Society), The Engineering Foundation, and the 
Engineering Council, and entered upon his duties on January 1, 
1918. Previously he was Deputy Chief Engineer of the Board of 
Water Supply of the City of New York, Catskill Aqueduct. When 
the Engineering Council was discontinued at the end of 1920 to 
make way for the Federated American Engineering Societies, Mr. 
Flinn was elected part-time vice-chairman and then chairman of 
the Division of Engineering of the National Research Council. 
This connection ended in February 1923 because the Engineering 
Foundation, having in 1922 elected him as its director, as well as 
secretary, requested all his time, excepting the quarter engaged by 
the United Engineering Trustees, Inc. 





New Home for Providence Section 


For YEARS the Providence Section of the Society has been 
affiliated locally with the Providence Engineering Society, and 
through this connection it is enjoying the prospect of a new 
home under excellent surroundings. This fortunate condition 
is the outcome of the recent cash purchase by the Providence 
Engineering Society of its own building. 

While the structure was built for the special use of the Tele- 
phone Company, it is admirably fitted for its new tenants. Three 
stories in height, 30 by 90 ft in size, and of substantial brick con- 
struction, it has all the necessary characteristics. Besides ample 
space for a lounge and library, a clear auditorium for two hundred 
people is available. In addition, the ground floor of the building 
will be rented, probably as doctors’ offices, more than defraying 
the operating expenses. 

The new building is centrally located, within about a half mile 
of the center of the city, although in a residential district. It is 
one block from the Brown University Campus and about two 
blocks from the College Engineering Building, where many of the 
special meetings of the Providence Engineering Society are held. 

Local Sections of many of the national societies are also benefit- 
ing jointly. The experience of the Providence Section and the 
Providence Engineering Society is most encouraging as indicating 
the advantages of sound financing and good judgment applied to 
an engineering organization. 





Bringing Index for Transactions Up to Date 


Because PROCEEDINGS is not issued during the months of June 
and July, it might be supposed that there is a general lag in the 
Society’s office work. This is far from the case. The fact is that, 
if anything, the Headquarters Office of the Society is busier during 
the hot weather than at some other times. 

Aspecialactivity of the summer months is the issuing of the yearly 
TRANSACTIONS. Although these volumes appear in the fall, they 
are all prepared during the summer. Indeed, this necessity was 
probably the original reason for omitting the two summer num- 
bers of Procegeprincs. During the current season, yet another 
activity is going forward in the form of the compilation of an 
index to TRANSACTIONS, covering the years 1921-1934, inclusive. 
It is expected that this volume will be issued during the fall. 
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Standard Symbols and Abbreviations—An Ideal 


Adopted for Use in Society Publications 


Ir 1s at once characteristic and paradoxical that when a tech- 
nologist undertakes to transmit his ideas for publication, he first 
writes his personal dictionary for that one paper. His intimate 
association with the subject of his specialty endows him with 
numerous preferences (personal prejudices) as to symbols and 
definitions of technical terms. It is thus that the practicing 
engineer who wishes to keep abreast of the progress in his field 
must, perforce, understand one or more lay languages and as many 
technical languages in addition as there are technologists to write 
them. 

The American Standards Association is doing much to destroy 
this formidable ‘“Tower of Babel”’ by establishing standard symbols 
and abbreviations for engineering use in many fields. It is sin- 
cerely to be hoped that writers on engineering subjects will more 
and more adopt the practice of making their work conform as 
nearly as possible to one of the standards in common use. With 
this aim in mind, lists of symbols in a number of prominent engi- 
neering fields are being printed here. All accord with the general 
practice of Society publications. 


SYMBOLS FOR MECHANICS, STRUCTURAL ENGINEERING, AND 
TESTING MATERIALS 


A list of standard symbols for mechanics, structural engineering, 
and testing materials was approved by the American Standards 
Association in January 1932 under the joint sponsorship of the 
American Society of Civil Engineers, the American Institute of 
Electrical Engineers, the American Association for the Advance- 
ment of Science, the Society for the Promotion of Engineering 
Education, and the American Society of Mechanical Engineers. 
These symbols are as follows: 


Acceleration, angular . ... . @ (alpha) 
Acceleration, due to gravity. .... a ar 


pS ES a OE ae a 
Angular distance . 6 (theta) 
Angular velocity . es are 
Area... A pete 28 a ern. ae 
Axes, through any point. ho ap ye eRe SC 
Y-Y 
Z-Z 

DA Ss. of hs. 4s es, b ee b 
ea ee ee ee sane 
Coefficient of sliding friction .......... f 
Concentrated load (same as force)... . ae 
ee a eee ee Cc 
Curwatere-onie a «wad «wei ws % ; p (rho) 
ee eee ee eee 
Deflection of a panel point of atruss. ...... A (delta) 
DEE s «#6 Cie x 6 See we" . . . p(rho) ord 
ee ee ee ee Sea yes - O 
DE: #6 GPR a Oe ids ae ot aD 
OUP eee se ee ee S Seay 
Eccentricity of application of load ........ e 
Efficiency (hydraulic, mechanical, volumetric) . Oey; Ging: Or 
eee ee Bee ee E ew 
pe a ee ee 6 (delta) 
er a ee a ae oa ee F 
Force in any bar of a framed structure due to a load 

of unity applied at any point in any direction . . 
Frequency (harmonic motion). . ... ...... form 
Gyration, radiusof....... | ies 
OP Oi eee Horh 
Sad a a fens) Berk h 
Inertia, rectangular moment of I 
Inertia, polar moment of . . . P 
Length . : AS a 2 io Leas ace 
Load per unit distance Pe See rw 6 ae Se ee 
Load, total ...... a | Aaa oe ee 

a Se See Aa or ok Se oe m 
A a ee R 


Moment in inch-pounds at any section of a girder due 


to the moment of one inch-pound applied to the 
Bo ee ee ee 
Moment of force, including bending moment 
Neutral axis, distance to extreme fiber ..... . 
Number of revolutions per unit of time... . 
Period (harmonic motion) . 
Power, horsepower... . . ct a er 
Pressure per unit of area ....... 
Radius... 
Ratio between modulus of elasticity of steel and 
modulus of elasticity of concrete. . ...... 
Ratio of the distance from the neutral axis to the 
outer fiber of a reinforced concrete beam to the 
distance from the outer fiber to the point of appli- 
cation of the resultant tensile stress. . . . . . . 
Ratio of the lever arm of the resisting couple in a 
reinforced concrete beam to the distance between 
the outer compressive fiber and the point of appli- 
cation of the resultant tensile stress... ... . 


ese & 8 


Statical moment of any area about a given axis 
Steel ratio, in reinforced concrete beams .... . 
ee cc a ge ope owes 
a ee 
Stress, unit tensile... . 
Stress, unit shear. .... pee See 
Stress, total tensile or total steel, in reinforced 
ee. «2 tp Eee 8 ee ‘ 
Stress, total compressive or total concrete, in re- 
inforced concrete......... Sa Ge re 
Stress,totalshear ...... “hag 
Stress, unit concrete, in reinforced concrete ; 
Stress, unit steel, in reinforced concrete . 
Stress, unit shear of concrete 
Temperature, absolute . 
Temperature, ordinary .. . 


Thickness . . ss 
er eae S 2 ataads se 
he Wye eS 4 ee ee 
Velocity, linear oe Bl he 
WS el ris Sig la oo ae 
Ware GPO kc Ct KM ee ee HO 


SYMBOLS FOR HYDRAULICS 


The standard symbols for hydraulics, approved in July 1929 


by the same sponsoring organizations, follow: 


Acceleration: 
ae a Se 


Ce a ka «le oe 


Channel flow: 
area of section . 
average velocity in section 
depth of flow ee as 
hydraulic radius... . . 
hydraulic slope arn eater we car fe 
eer vate. © yee ok ee 
surface width pat ee eG 
Kutter’s coefficient of roughness oe ee ot a 
Bazin’s coefficient of roughness. . ....... 
Chezy’s coefficient . 


se 2 we. < 


oe ae el oe 


Coefficient : 
of velocity. . : 
of contraction... . 
of discharge. . . 
of roughness, Kutter’s ~ 
of roughness, Bazin’s . 
| ee 


wwe UGS owe 


QPF whoweoe 


a 
AQP PLO HHP 
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Density p (rho) peetemiegs wf. 4s wots Ca 
Diameter . ; eT ee Total or over-all. . ... e 
Energy per unit time (powe ). —- > ee s 
Friction factor used in expressing pipe er. f Symbols Relating to Head 
Total head at any point. ........... 40 
Head: Potential head at any point. . .. . a 
in general . wn Bh nee ve at Glial et ee Pressure head at any point... ....... hy 
elevation head ee os a ore ee Velocity head at any point ee - 
pressure head . 0 2 6_© wat ete tees 9.e ee 
wee cs kc & Hod & os & eee (H = h, + hy + 2) 
lost head . . ee ea ee ere ee pgreceh Symbols Relating to Power 
subscript Power, or energy per unittime. ........ P 
Hydraulic radius R Power of turbine under l-fthead. . ...... P,; 
Hydraulic slope S ee Oo se oe bb oy Oe Ae a 
ee ee) ee 
Pressure: 
ee EE ee Pe eae es Note: Where power is to be expressed in horsepower 
total pressure (force) } F or other units, statement to that effect should be 
made. 
Pipes: 
average velocity in section. .......... V Symbols Relating to Speed 
Gee Oo Uae oo st VS Te ee Revolutions per minute. . . y «te ore 
a ee ee Revolutions per minute under 1 ft head . boone eee 
propriate Specific speed or type characteristic ...... m, 
subscript 
hydraulic radius . R nVP 
hydraulic slope eee eee — > Wh’ 
length . « oe 6 «Se + & & we oS L 
Power (energy per unit time) reise? P being expressed in horsepower 
Properties of water: Ratio of peripheral speed of runner to »/2gH . . ¢ (phi) 
density . . . ane 
bulk modulus of elasticity. r — uy 
Rate of discharge or flow (vol. per unit time) oe ae . J/22H 
Slope, — : ae i Pere a 
Time . : t Symbols Relating to Velocity 
P Angular velocity, in radians per second... . . w (omega) 
Velocity: , Absolute velocity of the water at any ais in a 
absolute ... sw 5. oe ee ee 
rotating runner or impeller ... . V 
relative to moving casing eee ae a ok ew ie Circumferential velocity of & point on 2 sotatiog 
>) el aa ee u runner or impeller... . ™ 
Viscosity : Circumferential or tangential component of the 
absolute. here ae a —e absolute velocity of the water... . . Te 
kinematic. . . . .. » (nu) Meridional component of the absolute velocity of 
(kinematic viscosity = absolute viscosity + density) the water (component in the plane containing the 
axis of rotation of runner or impeller). . . . Va 
Weight: Radial component of the absolute velocity of the 
dk er rr a ee ee en water .. V, 
perunittime .......-. te ili Mali Ww Relative velocity of the water with respect to the 
; moving runner orimpeller. . . ... . -tn 
Weirs: 
head as measured . . a all se Seis Notes: (1) Subscripts 1 and 2 may be used to refer 
velocity head of approach . cose ss tene @ to the points of entrance and discharge in either a 
qvestheight . 0 2 tect te tees runner or impeller, the assumption being that the 
crest length . . . pe merece ncee # water always flows from point (1) to point (2). 
velocity of approac h 6 6 hie 8.2 5 ae Oe oe Thus V; and V2 refer to the absolute velocity of the 


water at entrance and exit from a runner or im- 
peller. (2) The German standard symbols for 
absolute, relative and circumferential velocities 
are c, w and u; and y (gamma) is used for unit 
weight. The large amount of German literature 


SyMBOLS RELATING TO HYDRAULIC TURBINES AND PuMPs 


Symbols Relating to Dimensions 


Angle between the absolute velocity of the water on the subject of turbines warrants the statement 
and the velocity of the runner at any point, here of these facts. 
measured in degrees .. . . @ (alpha) 
Angle between the relative velocity of the water STANDARD ABBREVIATIONS 
oO nner at an int, ibe 
pals gs ct + P y i _ B (beta) The following general rules for abbreviations have been 
Axial breadth or depth of runner entrance. B adopted by the Society in collaboration with the other Founder 
Diameter of runner or impeller. . . . oe Societies. Distinction should be made between symbols for 
Diameter of runner or napus vanes at the middle abstract quantities and the abbreviation for the concrete units. 
of entrance space. . D, For example, in the formula, 
Diameter of runner or impeller throat. inside Q=AV 
diameter of band or shroud ring) . . . Da 
Radius to any point from center of runner or the symbol Q stands for the rate of discharge, A for area of section, 
SI eer eer and V for average velocity; whereas the units in which Q is 
measured may be shown by the abbreviations “cu ft per sec,” 
Symbols Relating to Efficiency those in which A is measured by “‘sq ft,”’ and those in which V 
SG kn tk 8 tO 6 hole a is measured by “ft per sec.” 


Vou. 4 No.7 


Terms denoting units of measurement should be abbreviated in 
the text only when preceded by the amounts indicated in numerals; 
thus “several inches,” “1 in.,” “12 in.” In tabular matter, speci- 
fications, maps, drawings, and tests for special purposes, the use 
of abbreviations should be governed only by the desirability of 
conserving space. 

A sentence should not begin with a numeral followed by an 
abbreviation. 


Short words such as “ton,” “day,”’ and “mile” should be . 


spelled out. 
Abbreviations should not be used where the meaning will 


not be clear. In case of doubt, spell out. 

The use of conventional signs for abbreviations in text is 
not recommended; thus “per,” not /; “Ib,” not #; “in.,” not ”. 
Such signs may be used sparingly in tables and similar places for 
conserving space. 

In the interest of economy and the reduction of waste, the 
elimination of the period is recommended except where such an 
omission results in an English word. This exception is not fol- 
lowed in the case of a few mathematical and chemical terms, such 
as sin, tan, log, As, etc. 

The use in text of exponents for the abbreviations of 
“square” and “‘cube” and of the negative exponents for terms 
involving ‘‘per’’ is not recommended. The superior figures are 
usually not available on the keyboards of typesetting and linotype 
machines and composition is therefore delayed. These shorter 
forms are permissible in tables and are sometimes difficult to avoid 
in text. 


Forms in general use as abbreviations follow: 


pS ee acre Kilometer. . . . km 
Acre-foot acre-ft Kilometer per sec- 
Air horsepower air hp a & 2 «2 km per sec 
Average avg Kilovolt kv 
Saree bbl Kilowatt kw 
Board feet (feet Latitude ... . lat 
board measure). fbm Linear foot .. . lin ft 
Brinell hardness I ae iy liter 
number... . Bhn Longitude long 
British thermal Maximum max 
WE >. s bce Btu Tw. 2 se i m 
DE 6 nm » Xe bu Miles per hour miles per hr 
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Centigram cg Miles per hour per 
Centimeter . . . cm second miles per hr 
Centimeter - gram- per sec 
second (system) cgs Millimeter . . . mm 
Circular mils. . . cir mils Million gallons per 
a cu CN 655i: a paisa mgd 
Cubic centimeter . cu cm Minimum . . . min 
Cubic foot. . . . cuft Minute ..... min 
Cubic feet per sec- Minute (angular 
ae cu ft per sec measure) ... ’ 
Cubic inch. . . . cuin. Genes + oz 
Cubic meter . cu m Ounce-foot. . oz-ft 
Cubic millimeter . cu mm Ounce-inch . oz-in 
Cubic yard . cu yd Parts per million . ppm 
ae deg or ° 7. eee pt 
Degree Centigrade C ee ae Ib 
Degree Fahrenheit F Pound-feet lb-ft 
SPS doz Pound-inch Ib-in 
Feet per minute . ft permin Pounds per square 
Feet per second . ft per sec ey ae Ib per sq ft 
|. ae te ft Pounds per square 
Foot-pound .. . ft-lb a ae Ib per sq in. 
Foot-pound-second ee qt 
(system). . . . fps Revolutions _per 
Game «os Ss gal minute ... . rpm 
Gallons per minute gal per min Revolutions per 
Gallons per second gal per sec second ... . rps 
Guess sy » ts & g Bee 2 ants 22". sec 
ae hectare Second (angular 
Horsepower . hp measure) Fahd 
Horsepower-hour . hp-hr Second-feet . cu ft per sec 
Ae hr 0 sq 
Hundredweight Square centimeter sq cm 
(112 Ib). . . . cwt Square feet . . . sq ft 
ae ee in. Square inch . . . sq in. 
Inch-pound . . in-lb Square kilometer . sq km 
Inches per second. in per sec Square meter . . sqm 
Kilogram . a“ Square millimeter. sq mm 
Kilogram-meter . kg-m wey. 2 See spell out 
Kilograms per Ton-mile .. . . spell out 
cubic meter .. kg percum Yard...... yd 
Kilograms per sec- ee? OG Bl a yr 
Oe Sos 4 kg per sec 
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ENGINEERING AFFAIRS AT WASHINGTON 


NATIONAL projects of interest to engineers continue to follow 
each other with bewildering rapidity at Washington. During the 
last month engineers have been related to at least one field with 
which they have not been officially associated, namely, the Home 
Owners’ Loan Corporation. This organization administers the 
distribution of some two hundred millions of dollars to be used 
for modernizing and reconditioning homes. A group of 12 regional 
supervisors has been established, each in charge of men with a back- 
ground of architectural or engineering experience. Under these 
regional supervisors, state organizations have been established for 
considering the equities involved in the applications for this re- 
modeling development. 

It is quite probable that the broad program of housing, the 
details of which have not yet been made public, will also bring 
opportunities for engineers and engineering in the follow-through 
of the plans. This particular operation is under the general direc- 
tion of Harry L. Hopkins, Federal Emergency Relief Administrator 


MEETING OF EXECUTIVE COMMITTEE OF AMERICAN 
ENGINEERING COUNCIL 


For June 22, President Coleman has called a meeting of the 
Executive Committee of the American Engineering Council to 
discuss several important phases of national policy and their rela- 
tions to the Council, and also several matters dealing with the 
development of the Council organization itself, especially the 
policy having to do with such subjects as development of our water 
resources, the relation of civil service to engineers’ development, the 
question of compensation of engineers, and recommendations from 
the committees on aeronautics, communications and other matters 
of public interest. The committee will also discuss the admission 
of new members, who have made application to the Council, and 
plans for a wider representation of local and state engineering 
groups in the Council. 


REFERENDUM ON PuBLIC WORKS EXPENDITURES 


During the past month, at the request of President Coleman, 
and as a result of a mail vote by the Executive Committee, two 
questions were submitted to the Council with regard to its policy 
on public works. The questions are as follows: 


1. Do you approve of the Council’s actively supporting 
in any legitimate way the various proposals to extend credit 
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for the development of private construction enterprise based 
upon the requirement of adequate security? 

31—yes 
2—no 
2. Shall the Council support a movement to obtain addi- 
tional PWA funds? 


20—yes 

13—no 
Each question is recorded with the votes by the Council members 
for or against the proposals. 
June 15, 1934 





News of Local Sections 





CHATTANOOGA SECTION 


A meeting of the Chattanooga Section was held on April 5. 
Various business matters were discussed, as was the question of the 
advisability of employing engineers on the new Program of Public 
Works, which replaces the CWA. A committee was employed to 
make a thorough study of the situation and to take up with local 
authorities the matter of employing competent engineers. 


CLEVELAND SECTION 


Members of the Student Chapters of the Case School of Applied 
Science and Akron University were present at a meeting of the 
Cleveland Section held on May 8 at the Case Club. There was an 
attendance of 72 at both the dinner and the meeting. The first 
speaker on the program was Robert Hoffmann, consulting engineer 
on public works for the City of Cleveland. He was followed by 
Dr. Wickenden, president of the Case School, who advised recent 
graduates as to the best method of finding work of an engineering 
nature. The meeting was then turned over to the Case School of 
Applied Science Student Chapter, and five students gave brief 
outlines of their special theses, followed by laboratory demon- 
strations of the problems being considered. On June 5 a luncheon 
meeting of the Cleveland Section was held, with 31 present. 
Following a business session, J. E. Hyde, of Western Reserve 
University, gave an illustrated talk on the topic, “Cleveland 


Geology for Engineers.” 


GeorcIA SECTION 


A luncheon meeting of the Georgia Section was held on May 7. 
There were 55 present at this session, which was largely given over 
to a discussion of timely business matters. A stimulating talk by 
N. W. Dougherty, Professor of Civil Engineering at the University 
of Tennessee, was the final feature of the program. Professor 
Dougherty outlined the history of engineering, emphasizing 
particularly the fact that, although the profession goes back several 
thousand years, its real development has taken place in the past 


century. 
ILtrnors SECTION 


The Illinois Section recently held three interesting meetings. 
On April 27 Robert Kingery, Director of Public Works for the 
State of Illinois, addressed a session. On May 11 Frank A. Ran- 
dall, structural engineer of Chicago, and J. C. Sanderson, con- 
struction engineer for Sargent and Lundy, of Chicago, gave in- 
formal talks on subjects of current economic and engineering 
interest. And the meeting held on June 1 was the occasion of 
making the annual prize awards to certain graduates of engineering 
schools and colleges. 


Kansas City SECTION 


The Kansas City Section held a dinner meeting at the Uni- 
versity Club on May 25. Among the speakers were R. E. McDon- 
nell, of the Burns and McDonnell Engineering Company, who 
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spoke on the subject of Muscle Shoals, and R. W. Knight, District 
Traffic Manager of the United Air Lines, who discussed air trans- 
portation. An interesting motion picture film was shown in con- 
nection with the latter talk. 


Los ANGELES SECTION 


On May 9 the Los Angeles Section met at the California Institute 
of Technology. Before dinner was served the members had an 
opportunity to examine the operation of a large-scale model of 
the tidal and current movements in Alamitos Bay at the mouth 
of the San Gabriel River. Dinner was followed by a routine 
business session and the presentation of two illuminating ad- 
dresses. These were given by Dr. Robert Andrews Millikan, who 
spoke on ‘‘The Relation of the National Science Advisory Board to 
Engineering,”’ and Irving P. Krick, instructor in meteorology at 
the California Institute of Technology, who chose for his topic, 
‘New Developments in Meteorology Pertaining to Storms and 
Precipitation.”” There were 223 present at the dinner, and 270 
at the meeting. 


MARYLAND SECTION 


The Maryland Section met at the Engineers’ Club in Baltimore 
on April 4, with Harrison P. Eddy, President of the Society, as 
guest of honor. Mr. Eddy spoke briefly of the work being done by 
the Society in the preparation of the engineering section of the NRA 
construction code. Then Col. Donald H. Sawyer, director of the 
Federal Employment Stabilization Board, of the U. S. Department 
of Commerce, discussed the subject, ‘National, Regional, and State 
Planning.”’ In his talk Colonel Sawyer stressed the difficulties 
that the Government has encountered in its relief work as the 
result of a lack of planning and pointed out the increasing need of 
such planning in the future. 


MILWAUKEE SECTION 


A meeting of the Milwaukee Section was held at the City Club 
on March 22. The feature of the occasion was a talk by James 
Ferebee, State Director of the Public Works Administration, who 
discussed PWA work in its relation to the local sewage disposal 
plant. At a meeting of the Section held on April 26 the speaker 
was R. C. Johnson, a member of the examining board for archi- 
tects and civil engineers, who stressed the value of national and 
state planning in the improvement of present economic conditions. 
An animated discussion from the floor followed his address. 


PHILADELPHIA SECTION 


An inspection trip to the estate of Pierre S. du Pont, near Kennett 
Square, Pa., and to Wilmington, Del., was enjoyed by members 
and guests of the Philadelphia Section on May 16. In Wilmington 
the party inspected the new dam and other features of the public 
water supply as well as the marine terminal. In the evening the 
group returned to Philadelphia for dinner and a meeting at the 
Engineers Club. The speaker of the occasion was Charles H. 
Stevens, chief engineer of the Philadelphia Department of City 
Transit, who emphasized the value of membership in the Society 
to young engineers. The attendance at the dinner was 41, and at 
the meeting 49. 


Texas SECTION 


The spring meeting of the Texas Section was held at the Plaza 
Hotel in San Antonio on May 11 and 12. The first day was devoted 
largely to the presentation of a technical program. Among those 
contributing interesting papers at this session were the following: 
Willard Simpson, president of the W. E. Simpson Company, Inc., 
of San Antonio, who dealt with the subject, “Foundation Ex- 
periences in Texas’; O. N. Floyd, consulting engineer of Dallas, 
whose paper described the Red River basin project; Homer 
Stevenson, who treated the topic, ““The Design and Construction of 
an Earthquake-Proof Dam in Mexico”; and W. S. Stanley, chief 
chemist of the San Antonio sewage treatment plant, who gave an 
illustrated discussion of the operation of this plant. These topics 
elicited much enthusiastic discussion. The morning of May 12 
was given over chiefly to business, and in the afternoon a picnic 
and barbecue were enjoyed at Medina Lake. The total registra- 
tion for the meeting was 107. 
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ITEMS OF INTEREST 


Engineering Events in Brief 








Crivit ENGINEERING for 
August 


By a U. S. Supreme Court decision 
made in 1931, the Metropolitan District 
Water Supply Commission of Boston is 
permitted to divert and use all the flow of 
the Ware River above 132 cu ft per sec 
(85 mgd). As designed and constructed, 
the diversion works are capable of handling 
as much as two billion gallons a day en- 
tirely automatically. The diversion is 
effected by dropping the water down a 
spirally lined shaft 260 ft deep, into the 
25-mile tunnel connecting the existing 
Wachusett Reservoir with the Quabbin 
Reservoir, mow under _ construction. 
The flood waters of the Ware River are 
skimmed off the flow, and the remainder 
is allowed to continue down the river. 
The energy in the water falling in the 
shaft is absorbed by a cast-iron lining, 
which is fitted with helical vanes, impart- 
ing a rotating motion to the water, which 
is held against the lining by centrifugal 
force. The design and the interrelation 
of the automatic devices will be explained 
in an article prepared for the August is- 
sue by the designer, Karl R. Kennison, 
M. Am. Soc. C.E. 

Much study has been given to the de- 
sign and efficiency of highway guard rails 
by Searcy B. Slack, M. Am. Soc. C.E., as 
described in another article for the August 
issue. An automobile out of control on a 
highway must be kept from running off 
bridge approaches, high fills, and banks. 
Although a stone wall might successfully 
stop the car, the resulting impact would 
be likely to do more damage to the vehicle 
and its occupants than would running off 
the road. More resilient types of rails 
are therefore required. From a study of 
various available types of guard rails and 
laboratory and field tests on full-size 
specimens in Georgia, Mr. Slack makes 
helpful observations concerning the use of 
some available types of guard rails. 

By an act of Congress in 1927, the Corps 
of Engineers was directed to report on the 
more important navigable streams of the 
United States, and to make an analysis of 
the needs and possibilities for the improve- 
ment of navigation and the development 
of hydro-electric power for the control of 
floods and for irrigation. One of these re- 
ports, that on the Delaware River, is of 
importance because New York City, 
Philadelphia, and cities in New Jersey 
and the adjacent industrial areas, includ- 
ing a population of 13'/: million people, 
will probably find it necessary to draw on 
this river in future for both water supply 


and power. A résumé of this report, now 
in the hands of the Government printer, 
has been made by Mason J. Young, M. 
Am. Soc. C.E., Major, Corps of Engi- 
neers, and will appear in the August issue. 

Another article in preparation for 
August is by E. W. Seeman, Assoc. M. 
Am. Soc. C.E., Engineer for the Merritt- 
Chapman and Whitney Corporation, who 
describes the application of a recently 
developed method of concrete placing to 
massive construction. In order to pro- 
vide a 458-mile reach of the Upper Missis- 
sippi with a 9-ft navigation channel, a 
series of roller-gate dams and locks is re- 
quired to form the pools. At Dam No. 
5, about a hundred miles below St. Paul, 
some unusual methods are being used for 
constructing the concrete slabs and piers. 
Here the Merritt-Chapman and Whitney 
Corporation is pumping unbelievably dry 
concrete through 7-in. pipe lines to points 
as far as 1,000 ft from the mixing plant. 


Operations were continued during the past ° 


winter in temperatures as lowas —10 F. 





Sizes of Paving Brick 
Standardized 


SIMPLIFIED PRACTICE recommendation 
R1-32, covering vitrified paving brick, 
has been reaffirmed, without change, as of 
June 15, 1934, by the Standing Committee 
of the industry, in charge of the periodic 
review of this program. This recommen- 
dation, which was first proposed and de- 
veloped by the industry in 1921, has since 
that time been reviewed annually and re- 
vised seven times. In its recent survey, 
the committee found that 91.5 per cent 
of the total shipments during the calendar 
year 1933 were in accordance with the six 
sizes shown in the Simplified Practice 
Recommendation. 

In 1921 vitrified paving brick was avail- 
able in 66 different sizes. The original 
recommendation reduced this variety to 
11, and the first revision conference fur- 
ther reduced it to 7. Subsequent con- 
ferences and surveys have resulted in a 
net reduction to 6 sizes. 

This waste-elimination program for the 
paving brick industry is a part of the work 
of the Division of Simplified Practice of 
the U. S. Department of Commerce. 
Copies of the recommendation covering 
this industry may be secured from the 
Superintendent of Documents, Govern- 
ment Printing Office, Washington, D.C., 
for 5 cents each. 


South Carolina Proclaims 
Engineers’ Day 


By PROCLAMATION, Governor I. C. 
Blackwood of South Carolina set aside 
June 15, just past, as Engineers’ Day, to 
do honor to the engineers of the state. 
The Governor recommended that the 
state and county departments send their 
engineers to the summer convention of 
the engineers of the state, which was held 
at Columbia, S. C., on June 14 and 15. 

In his proclamation the Governor said: 


“It seems well to honor a group of 
citizens who though specially generous 
in their contributions to our progress and 
comfort have seldom received public 
commendation. . . . South Carolina is 
grateful to her engineers. Public and 
private enterprise has entrusted hundreds 
of millions to engineers. . . They have 
builded well, not ostentatious monuments 
to inspire awe, as did the ancients, but 
useful wonders which lighten the house- 
wife’s and the laborer’s burdens, speed the 
message, improve our goods, and make life 
more pleasant.” 

The convention at Camp Jackson, 
Columbia, was held under the auspices of 
the South Carolina Society of Engineers 
and was participated in and attended by 
many members of the Society. 





Engineers Awarded Degrees 


ACADEMIC recognition of the engineer's 
contribution to science makes itself par- 
ticularly evident at commencement time 
when honorary degrees are bestowed on 
those who have made outstanding con- 
tributions to the profession. Among the 
engineers thus honored during the 1934 
commencement season are several mem- 
bers of the Society. In addition to the 
following list, there are doubtless others 
regarding whom information has not yet 
been received at Society Headquarters. 


HERBERT S. CROCKER, Past-President 
Am. Soc. C.E., Doctor of Science, Uni- 
versity of Colorado, and Doctor of Engi- 
neering, University of Michigan. 


C. B. McCu..oucu, M. Am. Soc. C.E., 
Doctor of Engineering, Oregon State Col- 
lege. 


Etwoop MeEap, M. Am. Soc. C.E., Doc- 
tor of Laws, University of Wyoming. 


J. L. Savace, M. Am. Soc. C.E., Doctor 
of Science, University of Wisconsin. 








SIXTY-FOURTH ANNUAL CONVENTION of the Society, July 11-14, 1934, in Vancouver, British Columbia 








379 





Engineers Recognized in 
Dedication of Morris Dam 


FOR NEARLY ten years the City of 
Pasadena, Calif., has been struggling to 
finance and construct a dam across the 
San Gabriel River to store its flood waters 
and add to the domestic supply of the city 
When, on May 26 of this year, the dam was 
dedicated by Herbert Hoover, Hon. M 
Am. Soc. C.E., former President of the 
United States, and the valve in the conduit 
to Pasadena was opened by Samuel B 
Morris, M. Am. Soc. C.E., the chief engi 
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neer, the hopes of the city were realized. 

Dams have been named for presidents 
of the United States, for sponsors, and 
for localities. Less often have they been 
named for engineers, and even less fre- 
quently for those who had charge of their 
design and construction. Morris Dam isa 
notable exception. Not only has it re- 
ceived the name of its chief engineer but 
the dedicatory plaques bear as well the 
names of all the engineers connected with 
its design and construction, many of 
whom, it will be noted, are members of 
the Society. The plaques also contain 
the names of the contractors and of the 





city officials under whose direction the 
dam was built 

Pasadena is a member city of the Metro- 
politan Water District of Southern Cali- 
fornia, which is now engaged in construct- 
ing an aqueduct to bring the waters of the 
Colorado River to the cities of Southern 
California. At some future time, co- 
ordinated with the completion of this 
aqueduct, the reservoir formed by Morris 
Dam will provide terminal storage for 
water from this river. Thus this struc- 
ture is part of Pasadena’s contribution to 
the completed Colorado River Aqueduct 
Project. 
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Engineering—Profession or Vocation? 


By J. James Knox, 


ELMHURS 
Presented at the meeting the Metr polt 
tan Section on May 16, 1934, and awarded 
first prise in the Effective Speaking Contest 
[Me luntor Branch | fat St {t " 


IN AN ADDRESS delivered at the in 


eeting of the Columbia Uni 


augurali 


Jun. Am. Soc. C.E 
N.Y. 


versity Student Chapter of this Society, 
the late William Barclay Parsons, Hon. 
M. Am. Soc. C.E., remarked: ‘“‘So wide 
has become the field of engineering and so 
varied its applications that there is room 
within its folds for both a vocation and a 


profession.” The statement on its face 
may seem self-evident, yet how many 
engineers realize the implications in- 
volved? 

Shall the individual engineer determine 
for himself whether he is practicing a 
profession or following a _ vocation; 
whether he is to consider himself bound 
by the obligations laid upon professional 
men or possessed of the freedom of action 
accorded to those engaged in purely com 
mercial pursuits? There is not, for ex 
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ample, anything inherently wrong in the 
attempt on the part of one engineer to 
compete, directly and openly, with an- 
other; to urge his own superior qualifica- 
tions while pointing out his competitor's 
weaknesses; and to offer his services at 
whatever ‘“‘cut rate’’ he chooses. That is 
traditional and quite respectable commer- 
cial practice. But it is not ‘‘professional."’ 

That brings us to the question of what is 
really meant by the term “‘prcfession.” 
From the standpoint of society it must be 
an occupation of such importance, and 
involving work of such a _ responsible 
nature, that only men of high ability and 
character can be permitted to enter it. 
And society has the right to demand from 
its professional men that their abilities 
and energies shall be devoted primarily to 
the practice of their profession, which in 
turn implies a measure of responsibility on 
the part of the community towards its 
professional men. 

Of more direct interest to us is the con- 
ception of what the term profession means 
to the individual engineer, or more particu- 
larly to the young man just hoping to enter 
upon his career. From his entrance into 
engineering school, it has been impressed 
upon him that he has not chosen an occu- 
pation in which he may expect to become 
wealthy. He knows and accepts the fact 
that he will have to work all his life, and 
that the work will be responsible and 
arduous. But he has chosen engineering 
because it appeals to him as being a field 
worthy of every bit of energy and ability 
which he can bring to it. There need be 
no cant about the ‘‘joy of devoting one’s 
life to the service of mankind.”’ There is 
merely a frank recognition on the part of 
the young engineer that in the doing of 
work which he enjoys and which he him- 
self thinks worth while a man finds his own 
greatest satisfaction in life. 

The cynical remark has been made that 
today “‘honesty is a luxury which few can 
afford’”—and there is grim truth in the 
statement. We might paraphrase it and 
say that the ideals and standards of pro- 
fessional men are today luxuries which but 
few engineers can afford. 

For we face continually the inescapable 
fact that each one of us must have an 
income, whether it be in the form of pay 
for services rendered or some sort of sugar- 
coated charity, and in the case of a young 
man it must be an increasing income. 
Let us not by hypocritical about this. A 
young man whose income is not increasing 
steadily is failing. He has no right to 
marry, to have children, to assume those 
normal responsibilities which make life 
worth living to the individual, unless he 
can hold his own financially. And the 
doing of that is a problem which each 
young man must face for himself. 

If as a professional man-—that is, one 
whose talents and energies are devoted 
primarily to the practice of his pro- 
fession—he cannot command a living 
income, then he must turn his chief atten- 
tion to the problem of money making pure 
and simple, regarding the practice of his 
profession as being merely a means to that 
end. But with that attitude, can he be 
said to be “practicing a profession?” 


Irrespective of individual problems, the 
community must have professional engi- 
neers upon whose disinterested service it 
can rely; men who are not concerned first 
and foremost with their own and their 
families’ existence. For the protection of 
society and in justice to the individual 
there should be a far more precise distinc- 
tion between the professional and the 
vocational phases of engineering than 
exists at present. No one spectacular act 
can accomplish this; there must be con- 
tinuous, concerted action on the part of 
universities, licensing boards, and the 
professional societies, tending strictly to 
define the functions, qualifications, and 
obligations of the professional engineer, 
thus at the same time implicitly defining 
the non-professional or vocational worker. 
These latter could then feel free to advance 
their own best interests as they might see 
fit, through unions if that seemed advis- 
able, neither claiming the privileges nor 
bound by the obligations of a profession. 

Equality of opportunity to meet in- 
creased standards must of course be pre- 
served. But that does not mean that 
every young man who might like to be an 
engineer has the right to be admitted to 
the profession. He has the right only to 
every opportunity to demonstrate his 
ability, and to be judged on that basis. 

The medical profession, for both the 
public’s protection and its own, has been 
forced to curtail sharply the number of 
men it admits, and in general this is done 
justly. But done it had to be. Society 
could not tolerate the spectacle of a dozen 
surgeons competing for the privilege of 
amputating a leg or removing an appen- 
dix, no matter how much the individual 
surgeons might need the fee. No more 
can it tolerate the obvious dangers in- 
volved when engineers attempt to under- 
bid each other for the opportunity of 
designing a bridge or a dam. 

Thus we have the problem: on the one 
hand society, demanding that protection 
which is its right; on the other the indi- 
vidual, demanding the opportunity to 
make a living, by ruthless, unsparing 
competition if driven to it, in what is still 
essentially a competitive economic order. 

The standards of a profession cannot be 
maintained by giving lip service to lofty 
generalities, but only by strict regulation 
and definite sanctions. And if the task be 
neglected? Then in the future when we 
refer to the profession of engineering we 
may be greeted with that same ugly, bitter 
laugh that today meets our money- 
changers when they refer to the “pro- 
fession”’ of banking. 





NEWS OF ENGINEERS 


From Correspondence and Society Files 





Joseru B. PAULSON, JR., is now mate- 
rials inspector in the Engineering Office 
of the U.S. Army in St. Paul, Minn. 


HAROLD MILLER PEARSON, formerly an 
inspector for the Alameda County (Cali- 
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fornia) Civil Works Administration, has 
recently been appointed to a position as 
junior engineer with the State of California 
Division of Highways. 


Maurice H. Bevxkrn has resigned his 
position as civil engineer and architect for 
Irving Feldman, Inc., of New York, N.Y., 
to accept a connection in a similar capacity 
with the MacArthur Construction Com- 
pany, of the same city. 


Frep L. Moore, formerly associated 
with Chase and Waring, of New York, 
N.Y., has recently been appointed inspec- 
tor of buildings for Garden City, N.Y. 


WiiuiaM T. Harcourt has accepted a po- 
sition as Assistant Bridge Construction 
Engineer of the San Francisco—Oakland 
Bay Bridge, with offices in San Francisco, 
Calif. He was formerly with Frederic 
W. Teschke, of Hollywood, Calif. 


Car A. Bock, formerly vice-president 
of the Dayton Morgan Engineering Com- 
pany, of Dayton, Ohio, is now assistant 
chief engineer for the Tennessee Valley 
Authority, with headquarters in Knox- 
ville, Tenn. 


CuHarRLes C. CRAGIN is now with the 
Western Gas Company, of El Paso, Tex. 
He was previously general manager and 
chief engineer of the Salt River Valley 
Water Users Association, of Phoenix, 
Ariz. 


MERRILL C. LORENZ has resigned as 
construction foreman with the National 
Park Service on Emergency Conservation 
Work to accept a position as inspector of 
general construction on Lock and Dam 18 
on the Mississippi River, at Burlington, 
Iowa. 


MELVIN L. ENGeER, head of the Depart- 
ment of Theoretical and Applied Mechan- 
ics of the University of Illinois since 1926, 
has recently been elected dean of the Col- 
lege of Engineering and director of the 
Engineering Experiment Station of the 
university. 


Oxtver A. JOHNSON is now employed 
as an inspector at the U.S. Waterways Ex- 
periment Station, in Vicksburg, Miss. 


F. W. Hanna has resigned as chief engi- 
neer and general manager of the East Bay 
Municipal District, with headquarters in 
Oakland, Calif., to devote his time to the 
practice of consulting engineering and to 
writing. He is at present in Ankeny, Iowa. 


Rosert F. Cow es, formerly with the 
Arrowhead Lake Corporation, of Arrow- 
head Lake, Calif., is now employed as 
supervising engineer by the U. S. Coast 
and Geodetic Survey for work on Kennett 
Reservoir. His headquarters are at Ken- 
nett, Calif. 


Frep M. Berry has severed his engi- 
neering connection with the Stone and 
Webster Engineering Corporation, of 
Wenatchee, Wash., to become Chief of 
Party on Grand Coulee Dam, with head- 
quarters in Almira, Wash, 





——— 








F. J. GASTON, consulting civil engineer 
of Havana, Cuba, has recently been made 
professor of technical English in the School 
f Engineers and Architects of the Univer 
ty of Havana 

Jonn S. LANE has accepted a position as 
inspector for the Los Angeles County 
Flood Control District, with offices in Los 
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Joun N, Prrok is now Engineer Techni- 
cian for the State of Illinois Emergency 
Conservation Work of the Civilian Con- 
servation Corps, with headquarters in 
Staunton, Il 

r. E. Vevtrort has severed his connec- 
tion with Stone and Webster, Inc., of New 
York, N.Y., to become assistant secretary 
of the Copper and Brass Mill Products 
Association, of the same city 


Vo... 4, NO. 7 
ArTtHuR L. ELuiott is now Junior 
Bridge Construction Engineer with the 
State of California Highway Bridge De- 
partment on the construction of the San 
Francisco—Oakland Bay Bridge. 

CHESTER MUELLER, formerly Principal 
Assistant Engineer of the New Jersey De- 
partment of Public Affairs, has established 
a law office at 850 Broad Street, Newark, 


NJ. 
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Changes 
Additions, Tran. 


in Membership Grades 


From May 10 to June 9, 1934, Inclusive 


fers, Reinstatements, Deaths, and Resignations 








AppITIons TO MEMBERSHIP 
\URIEMMA \LFPREI ANTHONY Jun 33 245 
Danforth Ave Jersey City ] 
Bayvor, Jean MARIE Assoc. M 34), Apartado 


663, Caracas, Venezuela 


BrReevine 


seTH DARNABY Assoc. M. 34), Asst 
Engr I S. Geologica survey Box 


267 
Austin, Tex 

CAWLEY CurrrorRD COMER jun. "34 Senior 

‘ffice, Los Angeles County 


1234 West 50th St.. Los 


Draftsman, Design ‘ 
Flood Control Dist 
Angeles, Calif 
CHARLES GREENLEAF Jun 33), 
Brooklyn, N.Y 


\ LOUDMAN 
st. George Hotel 

Der, Jack Hr (Jun. '34), Asst. Engr., Chekiang 
Highway Administration, Hangchow, China 


Derrick DANA FARRINGTON Jun 34 1027 
Waverly St., Palo Alto, Calif 
Dewet ROBERT DIEVENDORF Jun "34 


Draftsman, U.S. Coast and Geodetic Survey 

2110 Santa Clara Ave., Alameda, Calif. 

Foreess, Orpts ELDON Jun $4 Rodman 
state Highway Dept., Box 442, Tulia, Tex 

FRANKLIN, Grorce EDWARD Assoc. M. ‘34 
jupt., Streets and Bridges, City of Dallas (Res., 
5027 Mission St.), Dallas, Tex 

Grason, Count Ditton (M. '34), Prof. and Head, 
Dept. of Geology, Georgia School of Tech- 
nology, Atlanta, Ga 

GrawaM, Naruan Jerome (Jun. °34), Upper 
Lake, Calif 

Hormann, Ovtver Dimeirr (Jun. °34), Time- 
keeper, Dimmitt & Taylor, Los Angeles (Res 
4851 La Roda, Eagle Rock), ( alif 


Houtmes, Joserm Mark (Jun. '34), Junior Topo- 


graphic Engr., ( 5 Geological Survey 
Washington, D.C 
Hupparp, James WILLIAM Assoc. M. ‘3A4), 


Supt. and Gen. Mgr The Smethport Water 
Co., Smethport, Pa 
Jaros, STANLZY FRANCIS Jun 34), Chagrin 
Falls, Ohio 
Karser, Evoar Fossuros (Jun. "34), 1522 La 
tham Sq. Bidg., Oakland, Calif 
Krnoman, Irvine Haut (Jun. '34), 164 Percy St. 
Flushing, N.Y 
Purmir (Assoc. M. °34 Asst. Prof 
Princeton Uni Res., 15 Newlin 


KIssaM 
Civ. Eng 
Rd Princeton, N.] 

LawTon,. Et.more GRENVILLI jun. 33), Care 
Thacker Coal & Coke Co., Thacker, W.Va 
Pamir TAZWeu Jun 33), 1023 

Kansas City, Mo 


La ETT 
Bates Ave 

McConneluli joun WALDO Assoc M "3A4) 
Field Engr., Westchester County Park Comm 
eneca St Dobbs Ferry, N.Y 

May, Davip CHAPIN (Assoc. M t4 Asst. Ener., 


Met. Water Dist. of Southern California (Res., 


9 Roosevelt Rd Banning, Calif 

Mires, Tuomas Kiex (Jun 4 Asst. Supt., 
Hawaiian Dredging Co., Ltd., Eleele, Kauai, 
H awau 


Chf, Engr., 


Mopvak, Baaskar LAXMAN (M $4 
Holkar State, Indore, Central! India 


PeARSON, Epwarp Russett (Jun. 34), Junior 
Engr., U.S. Engr. Office, Box 668, Baton Rouge, 
La 

Roperrs, Dwicur Futton (Assoc. M. °'34), 
With State Highway Comm., Bridge Constr 
Dept 225 Roosevelt St., Fullerton, Calif. 

Rupper, Irvinc Avrum (Jun. '34), 287 Linden 
Boulevard, Brooklyn, N.Y. 

StTaus, WiiwiamM SHarrer (Jun. "34), Megr., The 
East Rainelle Water & Plumbing Co., East 
Rainelle, W.Va. 

SuTPHIN, Francis STOWERS Assoc. M. °34), 
Senior Design Draftsman, Los Angeles County 
Flood Control Dist., Los Angeles (Res., 1440 
Lorain Rd., San Marino), Calif. 

rincey, Wirirs Atma (Jun. '34), Junior Engr., 
U. S. Geological Survey, Washington, D.C. 

VAN OrMaAN, CLARE RaALston (Jun. '34), Junior 
Engr., U.S. Engr. Office, Missouri River Div., 
Hydr. Section Res., 1915 Central Ave.) 
Kansas City, Kans 


MEMBERSHIP TRANSFERS 
» 


BIEMANN, BERNHARD Frepertck (Jun. "22; 
Assoc. M. '34), With Home Title Guaranty 


Co., 51 Willoughby St., Brooklyn (Res., 
109-10 Park Lane South, Richmond Hill), 
N.Y 

Crure, Harotp Moore (Jun. ’28; Assoc. M. 


*34), Junior Engr., Eng. Service Div., Tennessee 
Val. Authority, Nitrate Plant, Ala. 

Cowtg, Georce Durno (Assoc. M.'23; M. ’34), 
Hydr. and Geodetic Engr., Officer in Chg., New 
York Field Station, U. S. Coast and Geodetic 
Survey, Room 741, Custom House, New York, 
N.Y 

DUNHAM, CLARENCE Wutttnc (Assoc. M. °27; 
M. '34), Asst. Engr., Design Div., Port of New 
York Authority, 111 Eighth Ave., New York, 
N.Y. (Res., 23 Prospect Terrace, East Orange, 
N.J 

Harrje, Henry Jonn (Jun. '31; Assoc, M. 34), 
Bidg. Supt., Oppenheim, Collins & Co., 534 
Main St. (Res., 655 La Salle Ave.), Buffalo, 
N.Y 

Hoove.t, Wu.1am Henry (Jun. "27; Assoc. M. 
‘34), Asst. Engr., Bureau of Eng., City of 
Waterbury (Res., 42 Waterville St.), Water- 
bury, Conn. 





TOTAL MEMBERSHIP AS 
OF JUNE 9, 19354 


Members 
Associate Members 


Corporate Members 





Honorary Members 7 
Juniors : 3,162 
Affiliates P 107 
Fellows cere 4 

Total 15,326 











Keast, Scnvyter Suetpon Apert (Assoc. M- 
"21; M.°34), Asst. Engr., Dept . of City Transit 
City Hall Annex (Res., 4845 North 18th St.), 
Philadelphia, Pa. 

Ke_ker, JAmMes Josern Artuur (Jun. "30; Assoc. 
M. '33), Civ. Engr., The Mid-Kansas Oil & 
Gas Co., Box 1129, Shreveport, La. 


Kramer, Hans (Jun. "19; Assoc. M. "24; M 
34), Capt., Corps of Engrs., U.S.A. Asst. to 
Dist. Engr., U. S. Engr. Office, Box 443, Mem- 
phis, Tena. 


Lewis, Dupitey Leranp (Assoc. M.'23; M.’34), 
City Engr., City Hall, Fort Worth, Tex. 


McArTer, Frayne Letcn (Jun. 31; Assoc. M. 
’34), With Bureau of Highways, State Dept. of 
Public Works (Res., 500 Franklin St., Apart- 
ment 6), Boise, Idaho. 


PsTeRson, Epwarp Joun Lawrence (Jun. ‘26; 
Assoc. M. °34), Asst. Maintenance Engr., 
Div. of Highways, Dist. III (Res., 716 H 
St.), Marysville, Calif. 


RicHarpson, Georce SHerwoop (Assoc. M. '25; 
M. '33), Bridge Design Engr., Dept. of Plan- 
ning, Allegheny County, County Office Bidg. 
(Res., 310 South Home Ave., Bellevue), 
Pittsburgh, Pa. 

Soucek, Jaromir Jan (Jun. ’29; Assoc. M.'34), 
Cons. Engr., Vystavni 24, Brno, Czecho- 
slovakia. 

Timey, E.mer Knowres (Jun. "29; Assoc. M. 
*34), Instr., Eng., School of Eng., Princeton 
Univ. (Res., 68 Wiggins St.), Princeton, N.J. 

REINSTATEMENTS 

Jounson, ANDREW KINGHORN, M., reinstated 
May 9, 1934. 

RESIGNATIONS 

Epwarps, Ray Omer, Assoc. M., resigned Feb 
15, 1934. 

McNeg, Tomas Lee, Jun., 
1934. 

Sace, Wiu.1am Hamppen, Jr., M., resigned 
May 29, 1934. 


resigned May 11, 


ZARTARIAN, LEVON, Jun., resigned June 4, 1934. 


DEATHS 


CornisH, Lorenzo Dana. Elected Jun., April 5, 
1904; Assoc. M., Feb. 7, 1906; M., June 30, 
1910; died May 12, 1934. 


Curtis, BENJAMIN Joun. Elected Jun., Sept. 2, 
1914; Assoc. M., June 16, 1919; M., Jan. 17, 
1927; died May 19, 1934 


Evovem, Louis Biaut Elected M., May 25, 


1931; died Nov. 2, 1933 


Furvuicat, Baron Kor. Elected Hon. M., July 
8, 1929; died Jan. 28, 1934. 


Moore, THomas Vincent. Elected Assoc. M., 
July 12, 1926; died May 28, 1934. 


NUEBLING, Emit Lovurs. Elected M., Dec. 7, 


1904; died June 5, 1934. 
Sprerpen, Tusopore. Elected M., Oct. 15, 1923; 
died April 17, 1934 








